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PREFACE
Because th is  un iversity , fo rm erly  u n d e r the  well know n  title  o f  M issouri School o f  M ines and 
M etallurgy, has co n trib u ted  so m uch to  th e  n a tio n ’s and w o rld ’s m ineral supplies th ro u g h  th e  w ork o f  its 
well tra ined  g raduates, it was considered a p p ro p ria te  th a t  a m ajor sym posium  be held during its C en ten ­
nial Y ear on one  o f th e  last m ajor m ineral fron tie rs  o f  the  U n ited  S ta tes......A laska.
P relim inary  p lanning  fo r the  sym posium  on  “ A laska, Its  M ineral P o ten tia ls  and E nv ironm en ta l 
Challenges” began in the  fall o f  1969. In Jan u ary , 1970, R obert E. Carlile and Paul Dean P ro c to r visited 
Alaska to  m eet w ith  som e o f  the p e tro leu m  and m ineral in d u stry  personnel. T he purpose o f  th e  jo u rn ey  
was to  personally  inv ite  som e o f  th e  experts  w ho could d irec tly  rela te  to  th is  C entennial Sym posium . 
The w arm  h o sp ita lity , graciousness, and suggestions o f  industry  and governm ent leaders gave m uch 
im petus to  th e  finalization  o f  the  program  and th e  plans.
F orm al inv ita tions were ex ten d ed  to  various individuals w ho  had in -d ep th  experience  in A laska or 
direct in terest in the  A rctic areas to  partic ipa te  in  this C en tenn ia l Sym posium . O bjectives were to  give 
p la tfo rm  p resen ta tion  and aud ience  discussion to  im p o rtan t aspects of th e  petro leum -solid  m ineral 
p o ten tia l o f th is  fro n tie r  s ta te  o f A m erica and th e  ad jacen t arc tic  lands and c o n tin en ta l shelf. Because of 
the unusual clim atic  setting  o th e r  speakers were invited  to  discuss the  challenges o f  th is env ironm en t in 
discovering, recovering, and  tran sp o rtin g  the  p o ten tia l m ineral w ealth  o f Alaska. The s ta te  consists 
m ainly o f public  dom ain  an d  s ta te  lands, hence o th e r speakers were inv ited  to  p resen t the  g o v ern m en t’s 
views on  oil and gas developm ents on these lands and th e  A laskan business com m unities v iew po in t on 
the possible fu tu re  progress o f  Alaska.
Special recogn ition  has been given th e  various au th o rs  o f the  papers, b u t  excep tiona l e ffo rts  were 
ex ten d ed  by the  m o d era to rs  w ho so ably assisted in  the  sym posium  p resen ta tio n . S ho rt b iograph ica l and 
alphabetically  listed sketches are included  fo r each  o f th e  ex te rnal m o d era to rs  w ith  ou r sincere th an k s 
for th e ir  considerable  help. Sim ilar concise b iographical in fo rm ation  on  each  o f th e  a u th o rs  is included  
at the  end o f  each o f  the papers.
T he  paper p resen ta tio n s  includes an in tro d u c to ry  paper o n  A rctic  Ecology, by  Dr. Jo h n  Schindler, 
A ssistant D irector o f  the Naval R esearch  L abo ra to ry , Point Barrow , A laska. R eg re ttab ly , Dr. Max 
Brew er, D irector, Naval R esearch  L abo ra to ry  was unab le  to  include his p resen ta tio n  o n  “ W hat We 
Should Know A b o u t the  A rctic  E n v iro n m en t” . Follow ing th e  ecological paper, G eorge G ryc  and A1 
W eissenborn o f the  U.S. G eological Survey p resen t da ta  on th e  energy fuels and  solid m ineral p o ten tia ls  
of Alaska. Dr. Earl Hayes, C hief Scien tist o f the  U.S. Bureau o f  M ines th en  re la tes to  the  env ironm en ta l 
challenges o f A laskan m ineral resources. C o-authors, Drs. R . G. M cCrossan and  R. P ro c te r, o f  the 
C anadian G eological Survey, review  the  m ineral p o ten tia l o f A rctic  C anada. Dr. A. J. E ard ley ’s p aper on 
Oil a n d  Gas Reserves in th e  S iberian S he lf ex ten d s th e  p rognostica tions o n  th e  A rctic  basin. T he la tte r 
au th o r specifically asked th a t  it be ind ica ted  he was substitu ting  fo r  Russian au th o rs  w ho had  been 
invited  but could  n o t  a tten d .
W ith th e  good p o ten tia l fo r pe tro leum  w hich exists, consideration  was th en  given to  physical 
exp lo ra tion  by drilling and  to  th e  un ique  problem s en co u n te red  in th e  handling o f eq u ip m en t u n d e r the  
rigorous arc tic  cond itions. R obert L. Parker, P resident o f  the  Parker Drilling C om pany  discusses p rob­
lems in  such an env ironm en t. Charles C7 N orris o f William B rothers E ngineering C om pany  describes the  
m ain tenance and o p e ra tio n  o f facilities and  eq u ip m en t in the  A rctic. W illiam Pearn  discusses details o f 
“ Pipeline Design fo r  A rctic and S ubarctic  R egions” , and  A. V. C ardin, C hief E ngineer, TA PS, specifically 
rela tes to  the  env ironm en ta l challenges facing co n stru c tio n  of TA PS. Russell V enn, Vice P residen t, 
H um ble Oil C om pany, ex p e rtly  discussed details o f  th e  epic voyage o f th e  S. S. M anhattan  th ro u g h  the  
N orthw est passage. With th e  possib ility  th a t oil m ight be tra n sp o rte d  by sh ip  o r subm arine  from  n o r th ­
ern Alaska, R obert L. M cCollom  and W illiam M oore p resent in te resting  views on arc tic  m arine term inals 
and th e ir env ironm enta l and  engineering considerations.
The p racticalities and  experience o f  handling pe tro leu m  p roducts  u n d e r co n d itio n s  varying from  
arc tic  cond itions to  alm ost tem pera te  con d itio n s  and som e o f  the p rob lem s re la ted  to  pipeline co n stru c ­
tion  and pum ping  o f oil p ro d u c ts  is dynam ically  p resen ted  b y  C olonel F rederic  Jo h n so n , C hief, P e tro ­
leum  Supply , U.S. Arm y. Don S im asko gives his views on th e  place o f  th e  in d ep en d en t o p e ra to r  in th is
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developing region w ith  its a tte n d e n t problem s. T hom as R. M arshall, represen ting  th e  S tate  o f  A laska, 
succinctly  and  expertly  discusses the  regu lato ry  con tro ls  on  oil an d  gas in the  sta te .
Mr. W. H. Sco tt, P residen t o f th e  A laskan C ham ber o f C om m erce, concisely describes th e  A laskan 
business com m unities view o n  the p e tro leu m  m ineral resource developm ent o f  his s ta te . The final paper, 
by  C. O. Banks, representing  the A nchorage C ham ber o f  C om m erce, spells o u t th e  op tim ism  o f  the good 
people o f  a great sta te  as it m oves in to  its stride in  the  2 0 th  cen tu ry .
These thoughts, views and w arnings on “ A laska - Its M ineral P o ten tia ls  - I ts  E nv ironm enta l 
Challenges”  are, therefore , p resen ted  in th e  h o p e  th a t the read er will gain a deeper apprecia tion  and 
aw areness o f Alaska - tru ly  o n e  o f the  last fron tie rs  o f  today  w here , m ost a p p ro p ria te ly , th e  w ords o f  J. 
R obert O ppenheim er apply:
“ B o th  the m an of science and th e  m an o f  ac tion  live alw ays at the  edge o f m yste ry , su rrounded  
by i t .”
Paul D ean P roc to r 
R. E. Carlile
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A RCT IC  E C O L O G Y -A  Decade of Experience
Jo h n  F. Schindler 
A ssistant D irec to r 
Naval A rctic  Research L aborato ry
A quick  glance a t the  title  o f th is  p resen tation  
and  th e  reader braces him self fo r a n o th e r an tipo l­
lu tion  o r  “ save-the-sod” ty p e  o f discourse tha t 
has becom e so popu lar these days. I do n o t w ish to  
de trac t from  th e  im portance  o r the  need fo r such 
effo rts b u t I w ould like to  address m yself to  the 
the  b roader m eaning o f  the term .
Ecology—the w ord  com es from  th e  Greek 
roo t “ oikos”  w hich m eans house or household . 
W hat I ’d like to  do  is to  tell y o u  a b o u t this 
“ house”  I’ve been living in  fo r th e  past 10 years.
HISTORY
W estern m an’s in terest in th e  n o r th  dates from  
the travels o f  the  G reek  Py theas w ho left th e  Medi­
terranean  in 325 B.C. and sailed n o r th  to  w hat is 
now th e  no rthern  coast o f N orw ay to  a po in t de­
scribed as “ where th e  daylight o f  th e  sum m er sol­
stice lasted 23 h o u rs” . P rior to  1000 A .D . the  
N orsem en o ften  sailed to  Iceland, G reenland, 
n o rth e rn  Scandinavia and even Nova Zem lya. B oth  
C abot and C olum bus visited Iceland before  th ey  
made their well k now n  w estw ard journeys.
M odern exp lo ra tion , especially  o f th e  C anadi­
an A rctic , ow es a great deal to  th e  fam ous w ork o f  
Parry, Ross, and F ranklin . On th e  w estern  side o f  
N orth  A m erica’s A rctic, Beechy and Elson plus 
Sim pson and  Dease in th e  1820s and 30s m ade 
epic voyages and enlarged the  lim its o f o u r  know l­
edge. Their nam es are now  part o f  the A rctic  geog­
raphy . F rank lin ’s ill fated  exped ition  in  1845, be­
cause of its disappearance and u ltim ately  tragic 
end, p robably  p rom p ted  m ore in te rest and  subse­
quen tly  m ore exp lo ra tion  th an  could otherw ise 
have been possible. L ady F rank lin ’s rom an tic  
image as th e  lost young w idow  can be cred ited  
w ith  at lease tw o  exped itions in search o f her 
fam ous husband.
T w en tie th  cen tu ry  exp lo ra tions should  in­
clude F rid tjo f N ansen’s very successful voyage o f 
the FRAM  at the  end o f  the  19th  cen tu ry . This 
was really the  first com pletely  successful explora­
tion  both  scientifically  and in accom plishing th e  
m ission—and all, w ithou t in jury  o r loss o f life. 
O ceanographers to d ay  still use the  N ansen b o ttle  
as a basic to o l o f research.
We could  q u o te  m any nam es....from  A m und­
sen and his G joa trip  in 1903-07 to  th e  h istoric  
M anhattan  voyage presented in this sym posium . 
Indeed  som e of th e  people in this gathering have
earned  a c ita tion  in  th e  roll call of A rctic  his­
to ry ....B u t m y po in t o f all th is review is th a t even 
w ith the  scores o f  people m oving n o r th  b o th  his­
torically  and  very recen tly  we still know  very little  
abou t our n o r th  and  it still has a good deal o f  the 
rom antic  image th a t  p ro m p ted  th e  original exp lo ­
rations.
What is the A rctic? W here does it s ta rt and 
stop? T hat is one o f th e  first questions asked in 
any study  and  I’m  guessing will be also one o f  the 
last to  be answ ered. T he m an w ho focuses his in­
terest beneath  th e  surface o f  th e  ground te n d s  to  
th in k  of th e  A rctic  as th a t area u nderla in  by 
perm afrost. The m an w ho  studies th e  sky o r  the 
aurora  w ould p robab ly  consider it to  be th e  area 
n o r th  of 66° 3 0 ' N orth . To the  A nthropo log ist it 
is th e  area inhab ited  by Eskim os... To th e  biologist 
it is everything n o rth  o f  the  tree-line. T hat itself 
could  only  be a defin ition  coined by  bo tan ists... 
th ey  can’t decide on w hat is a tree and w hat is a 
sh rub . I confess to  being a biologist and a very 
provincial one a t th a t. When I say A rctic  I mean 
th a t  area n o rth  o f th e  Brooks Range in Alaska 
generally know n as the  N o rth  Slope o r the  A laskan 
A rctic.
CLIMATE
The clim ate o f th e  n o rth  slope is best char­
acterized  as severe, w ith  long cold w inters and 
sh o rt cool sum m ers w ith  frequen t fog and persis­
te n t  winds. P rec ip ita tion  is scanty and tem pera­
tu res  are below freezing fo r m ost o f  the  year. At 
Barrow th e  W eather B ureau records m inim um  tem ­
pera tu res below freezing on  320 o r m ore days a 
year. M inim um  tem p era tu re  o f  record  at Barrow is 
-56°F , m axim um  + 76°F . As you  move inland from  
Barrow  to  U m iat the  tem p era tu re  regim es becom e 
m arkedly  m ore co n tinen ta l. Sum m ers are w arm er 
(m ax im um  of + 9 1 °F  at U m iat) and  w inters are 
co lder (m in im um  of -76 F at U m iat). The w arm est 
m on th  everyw here on  the  slope is Ju ly  follow ed 
by  August and June. W eather bureau  p rec ip ita tion  
records reflect low values fo r A rctic  Alaska. The 
m ean annual p rec ip ita tio n  fo r Barrow being only  4 
1 /2  inches. B ut these m easurem ents are to o  low 
because thqy do  n o t reflec t the  ex trem e density  o f  
th e  snow w hich can be figured at 4 inches o f  w ater 
in  10 inches o f  snow  ra th e r th an  th e  usual one 
inch  in tei). Since th e  average annual snow fall is 
abou t 25 inches the average annual p rec ip ita tion  is 
closer to  12 or 14 inches.
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This is the classic w ay  to describe the w e a th ­
er... b u t w h a t is it really like? W eather is cold w hen 
th e  m o istu re  from  the stoves a n d  vehicles freezes 
o u t o f th e  air to  form  a hoare  fro s t on every ­
th ing ...S om etim es covering  the pow erlines w ith  a 
fea th e ry  sheath  3 inches in  d iam ete r...W ea th er is 
co ld  w hen the  a tm o sp h e re  is so d ry  th e  s ta tic  elec­
tr ic ity  becom es u n c o m fo rta b le ...w h en  y o u  cross a 
ro o m  to  kiss y o u r wife g o o d b y e  and a blue spark  
ju m p s  across the 4-inch gap  as y o u  ap p ro ach  her... 
well y o u  can fool y o u se lf  and f la tte r  y o u r  ego b u t 
the  room  is sim ply dry. W eather is co ld  w hen a 15 
k n o t w ind can m ean the d iffe rence  be tw een  w alk­
ing o u tsid e  or dashing b e tw een  car and  house. We 
alw ays say ou r w orst w ea th er a t B arrow  is 20  be­
low and 20 kno ts. T h a t’s a chill index  o f -6 8 °F  
and th a t’s cold. V ehicles w o n ’t s ta r t, tire s  are  fro ­
zen slightly  square w here they  rested  overn igh t, 
and  plastics and o th e r  n o rm a lly  pliable m aterials 
sh a tte r  w hen  d ropped  or flexed .
Now I’ve pain ted  a p re tty  cold p ic tu re , b u t 
surprising ly  m ost people  ad just ra th e r  well to  
co ld ....it is the  ex ten d ed  period  o f  darkness th a t  is 
d ifficu lt to  cope w ith. A t B arrow  o u r  sun goes 
dow n  on th e  18 th  o f N ovem ber and stays d ow n  
u n til the  23rd  o f  Ja n u a ry . C orrespond ing ly  it is
co n tin u o u sly  above th e  h o rizo n  at B arrow  from  
May 1 0 th  u n til A ugust 2nd . T he  ex ten d ed  period  
o f d a rk n ess—84 d a y s— is th e  g rea ter cause o f 
Q uonset Fever or Q uonse titis  and  I n o te  it is also 
the tim e  of the  y ear th a t D irec to rs  and  A ssistan t 
D irectors seem  to  a tte n d  th e  m ost m eetings in  the  
sou th -48 . (See F igure 1)
D uring  th is period  o f  descend ing  su n , the 
charac te r o f th e  light is also d iffe re n t. The a u tu m n  
sun ap p ears  m ore pu rp le , th e  snow  scenes m ore 
blue a n d  darker and co lder look ing  as opposed  to  
the b rig h te r reds and  yellow s o f  a spring  sun . This 
d ifference is so m arked  th a t  y o u  can tell fro m  the 
colors in a sunset p h o to g rap h  w h e th e r  the  p ic tu re  
was ta k e n  in the  fall o r  th e  spring.
It is a small p o in t, b u t m an ’s psycho logy  re­
acts to  co lo r and  I o f te n  th in k  it is th is  d a rk  blue 
o f the A rc tic  w orld  coup led  w ith  th e  p ro spec t of 
the long w in ter ahead th a t  p ro m p ts  so m any  m en 
to  qu it an d  head so u th  in the  fall and  no t th e  first 
white flakes o f  “ te rm in a tio n  d u s t” th a t  is th e  gen­
erally c re d ited  cause. I do n o t k now  w hat causes 
this d iffe rence  in light q u a li ty —it is a good o p p o r­
tu n ity  fo r  som e resea rch —b u t th eo rize  th a t  the  
low angle o f the  sun in the  fall passing th ro u g h  
m oisture  rich  air, (re lative ly  speak ing) is th e  an-
F igure 1. Point Barrow , A laska
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swer. In the spring the  angle o f  the  sun is the same 
b u t the  a tm osphere  is so d ry  due to  th e  cold th a t 
th ere  is little m oistu re  and  hence a d ifferen t color 
q ua lity  to  the light.
THE LA ND
The ground surface o f the  n o r th  slope is o ften  
strik ingly  p a tte rn ed  by the  perm afrost u ndernea th  
th e  surface. Perm afrost is generally  defined  as any 
n a tu ra l m aterial th a t  has a tem p era tu re  below  the 
freezing point o f fresh w ater for tw o  or m ore 
years. A t the B arrow  C am p the  d ep th  o f perm a­
frost is abou t 400  feet and  at th e  o cean ’s edge it 
increases in d e p th  as you go inw ard aw ay from  the 
ocean. It is app rox im ate ly  600  feet in d ep th  im ­
m ediately  beh ind  the  C am p; 1250 feet in d ep th  5 
m iles inland in th e  area o f  the  gas well and ranges 
to  the  2000 o r 2100  fo o t d e p th  in th e  Prudhoe 
Bay region.
There are 3 cryopedalogical phenom ena th a t 
p roduce  features so p rom inen t as to  deserve m en­
tio n  in this p resen ta tion . These are polygonal 
g round , pingos, and  o rien ted  lakes.
The polygonal ground p a tte rn s  so vividly evi­
d en t to  the casual observer as he flies across the 
A rctic  tundra are a surface m an ifesta tion  o f the  ice 
wedges undernea th . Such wedge shaped vertical 
sheets vary in w id th  from  1/4 inch  to  10 feet wide 
at the  to p  and  4 to  30 feet deep w hen seen in 
vertical section. (See figure 2)
T he general theo ry  fo r th e  origin o f  th e  ice 
wedges now accep ted  is th e  therm al co n trac tio n
theory  o f  Leffingw ell w hich has b een  sum m arized 
by  L achenbruch . D uring the  w in te r, vertical frac­
tures are know n to  form  in th e  frozen tund ra . 
They are assum ed to  be caused by  the therm al 
co n trac tio n  o f  the tu n d ra . In the  spring the  w aters 
o f the  m elting  snow  fills and freezes in these 
cracks. T here is a h o rizon ta l com pression  caused 
by a re-expansion o f  the perm afro st during th e  
fo llow ing sum m er w hich  results in an  up tu rn ing  o f 
the  m aterial by  plastic  d efo rm ation . In the  fo llow ­
ing w in ter th is  ice cem ented  c rack  is a zone o f 
w eakness and renew ed therm al c o n trac tio n  re­
opens th e  crack  and continues th e  process. This 
cycle acting  over centuries o f tim e  is th o ugh t to  
p roduce the vertical wedge shaped  ice form . The 
surface po lygon p a tte rn  is th o u g h t to  be the  n a tu ­
ral consequence of th e  co n trac tion .
Pingos are a n o th e r surface evidence o f ice fo r­
m ation. The th eo ry  o f pingo fo rm a tio n  is th a t 
w ater under h y d ro sta tic  pressure freezes and the  
resulting  large volum e has no w here  to  go b u t up 
to  expand  and this bulge, slow ly fo rm ed , raises the  
surface tund ra . Pingos can be q u ite  high, som e up 
to  50 fee t o r m ore, and  the enclosed  ice is a gen­
erally clear, som etim es massive, lens shapped  
body.
T he phenom ena o f o rien ted  lakes, so s trik ­
ingly ev ident, is fo u n d  in w hat w e call the C oastal 
Plain Province. This area is usually  considered to  
be every th ing  n o rth  o f  the 500 fo o t  elevation line 
and slopes gen tly  to  sea level. It varies from  a few  
miles in  w id th  on th e  eastern edge to  a b o u t 100 
miles in  w id th  over m ost o f  the  province. It is an
F igure 2. Polygonal ground p a tte rn s , n o r th  slope o f Alaska.
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area o f  p o o r  surface d rainage; w aters being co n ­
fined  to  th e  surface by th e  underly ing  “ cem en t o f 
p e rm afro s t” . The lakes have  th e ir  long axis o n  a 
g en era l n o rth -so u th  o rie n ta tio n . Every  th e o ry  
im aginable from  p reh is to ric  w inds to  P au l B unyon  
sto ries  have been p ro p o sed  to  exp la in  th is  o rie n ta ­
tion . I t  is n o w  generally th o u g h t t o  be th e  resu lt o f  
o u r p resen t day prevailing NE-SW w inds w orking  
a t r ig h t angles to  th e  long axes o f  the lakes. I t  is 
well k n o w n  th a t th e  m echanical cu ttin g  ac tio n  o f  
cold w a te r is great u p o n  th e  frozen  unco n so lid a ted  
sed im en ts  w hich  m ost a p tly  describes th e  surface 
m ateria l o f a large p e rc e n t of th e  coastal p la in  
province.
W hen th e  lake ice begins to  th aw  in th e  spring  
a w a te r m oat is fo rm ed  in th e  shallow  area  a ro u n d  
th e  p erim eter. The w inds b low ing  this cen tra l ice 
back  and  fo r th  across the lak e , cause th e  w aters o f  
the  m o at to  move a ro u n d  th e  “ en d s” o f  the  lake 
and subsequen tly  erode  th o se  areas. T h e  ice o f  
course  p ro tec ts  the  long edge o f  the lake fro m  
m ost w ater action. Som e w ork  has been  done to  
trace  th e  cu rren ts in  th e  lakes during  th aw  and th is  
w ork  generally  suppo rts  th is  exp lanation .
THE PLANTS
T h e  vegetation o f  the  to ta l  n o r th  s lope  area is 
really  n o t as sim ple or as easily described as is 
o f te n  suggested. In fac t th e  d o m in an t charac te ris­
tic  o f  th e  vegetation  is variab ility . The p lan ts o f  
th e  respective  provinces ca n  be described  and th e  
com m un ities  w ithin these provinces id en tified , 
generally  as reflec tions o f th e  m icro-relief o f th e  
su rface. I do  n o t in te n d  to  m ake th a t an  aim  o f  
th is  p ap er b u t will sum m arize  w ith  the fo llow ing  
m ajor po in ts.
T here  is a decline in species num bers th a t  co r­
responds to  increased la titu d e  and i t  is a very  s tr ik ­
ing fea tu re  o f  vascular p la n t d is tr ib u tio n  in th e  
A rctic . The flora is richest in  species in th e  so u th  
and  p o o res t near th e  coast, there  are a b o u t 2 5 0  
species th a t  m ake u p  th e  f lo ra  o f  U m iat b u t  on ly  
a b o u t 150 species w hen  y o u  reach  the  sea  coast. 
T his reaches a low o f  a b o u t 110 species in th e  
im m ed ia te  area o f B arrow . C orrespond ing ly  th ere  
is a sh ift o f  dom inance as y o u  m ove n o rth w ard  
fro m  th e  sh rubform  u n it p lan ts  to  the  g ram ino id  
species - the  clum ps and  c lu s te r  fo rm s o f  grasses. 
T he  genera Carex, Salix, Saxifraga, and P oten tilla  
a re  m ost im p o rtan t vascular p lan ts in  te rm s o f  th e  
n u m b er o f species. P lant p o p u la tio n s  are  c o n ­
sp icuously  re la ted  to  d rainage  gradients a n d  a d if­
ference  o f  o n ly  a few  inches in  elevation can p ro ­
duce  an  en tire ly  d iffe ren t p o p u la tio n . This is s tr ik ­
ingly d em o n stra ted  b y  fo llow ing  a shallow  pond  
th ro u g h  a “ life” cycle in  w hich it ge ts  p ro ­
gressively. drier.
T he  w aters o f the  pond  usually  su p p o rt a m ix­
tu re  o f  A rc to p h ila  fu lva , H ippuris vulgaris and 
R a n n u n cu lu s  pallasii - all good  subm erged w ater 
plants. A s the  p o n d  progresses and  becom es drier 
you  will see th e  m osses such  as D rapanocladus or 
sphagnum  species m ixed w ith  sedges, carex, etc. 
F u rth e r  in  th e  drainage cycle P oa, P o ten tilla , Saliz, 
Saxifraga w ould  be considered  dom inan t. And 
finally th e  Poa and  o th e r  grass species m ixed w ith  
a considerable  g round  cover o f ’lichens and m osses 
w ould rep re sen t the  m ost x e ro p h y tic  vegetation  
ty p e  o f th e  tu n d ra  m eadow s.
Please no tice  th a t  u n til n o w  I d id n ’t use th e  
w ord tu n d ra . This was p u rp o se fu l to  p o in t o u t  th e  
TOO  general use given th e  te rm . T und ra  is the  
nam e o f a b iom e ju st as grassland o r  fo rest or 
m eadow . W hen m ost peop le  say tu n d ra  th ey  really  
m ean th e  organic m at o r th e  p red o m in an t vegeta­
tio n  and d o  n o t m ean th e  en tire  b iom e w ith all of 
its com p o n en ts  o f  flo ra  and fauna. We are  all 
falling in to  the  hab it due to  th e  inconven ience o f 
saying o rgan ic  m at o r p lan t co m m u n ity . We can 
ta lk  o f th e  grass o r th e  grassland b u t there  is no 
convenient general p lan t to  charac te rize  the  tu n d ra  
because o f  its diversity  o f  m icro  com m unities. 
When m odifiers are added  to  enlarge th e  use o f  the  
w ord  su ch  as A lpine tu n d ra , we fu r th e r  c loud  th e  
defin ition .
THE ANIMALS
A nim al popu lations in  the  A rc tic  are  no t o n ly  
prone to  f lu c tu a te  b u t th e  f lu c tu a tio n s  o f ce rta in  
species te n d  to  be strong ly  cyclic. T he m ost o u t ­
standing exam ple is th e  sm all m icro tine  - th e  
b row n lem m ing.
The cycles in  lem m ing n um bers  are short te rm  
period icities, typ ica lly  3 to  4  years and th e  
am plitude  o f  a given cycle is large so th a t  
lem m ings exceedingly  scarce in  an  a rea  one sum ­
m er b ecom e a lm ost unbelievab ly  ab u n d an t th e re  
tw o  or th re e  years la te r. T he  lem m ing is an 
herbivore consum ing  n o t on ly  grasses and  sedges 
b u t  also m osses and  lichens and  th e  above g round  
p a rts  o f  a lm o s t any  available p la n t. T h e  e x te n t to  
w h ich  th e y  exp lo it th e  below  g ro u n d  parts o f  
p lan ts is n o t  k n o w n  th o u g h  it m u s t be considered  
to  happen  occasionally .
M icrotines are active the  y ear round  a n d  
w hereas th e  p lan t grow ing season m ay  be only 7 to  
10 weeks long it m ust su p p o rt th e  anim als 
th ro u g h o u t an  annual cycle. M oreover during th e  
nongrow ing p o rtio n  o f  th e  year (8 0  to  85%  o f  th e  
tim e) w ith  th e  ground  frozen  a n d  th e  available 
p o rtion  o f  th e  p lan ts k illed  back  to  th e  leaf bases 
su rround ing  the  grow ing p o in ts  th e  relative p ro ­
p o rtion  o f  th e  to ta l p lan t th a t is ed ib le  is m u ch  
reduced. A s a resu lt, th e  w in ter c u ttin g  o f  vegeta­
tio n  by lem m ings can be qu ite  ex tensive. S om e­
tim es w hen th e  snow  m elts a fte r a w in te r in w h ich
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th e  anim als w ere n u m ero u s , th e  tu n d ra  appears to  
have been  m ow ed and  th e  grasses are a rranged  by 
th e  m eltw aters in to  row s so as to  ap p ear as w in­
now ed  hay.
I t is an o f te n  cited  m isco n cep tio n  th a t  the  
lem m ing  period ica lly  m arches in to  the  sea to  com ­
m it suicide. As best we can  te ll the an im al does 
m igrate  a t tim es o f  high p ro p u la tio n  d en s ity  and  in 
th e  fla t tu n d ra  o f  th e  A laskan  A rctic  he m igrates 
in 3 6 0  degrees o f  d irec tio n . H e is an  excellen t 
sw im m er and som ew hat sh o rts ig h ted , so w hen he 
approaches a b o d y  o f  w a te r he sim ply  ju m p s in  to  
sw im  across. He canno t te l l  w h e th e r it  is a small 
p o n d  o r  the ocean . The m arch  to  the  sea idea has 
its orig ins in Scandinavia w here  th e  fio rds by th e ir  
very  to p o g rap h y  channel th e  anim als d o w n  to  the  
sea; th e  anim als fo llow ing th e  greener grass o f  the  
valley and  u ltim a te ly  end u p  in  the  fio rd . This o f 
course is also th e  basis fo r  th e  ch ildhood  s to ry  
“ T he  Pied P iper o f  H am lin”
E stim ates place the to ta l  p o p u la tio n  o f  big 
gam e anim als in  th e  A rctic  and S ub-A rctic  A laska 
at a b o u t 7 5 0 ,0 0 0  w hich  is a d ensity  o f  1.50 head  
per square m ile. O nly  th e  so u th  48 sta tes w ith  
in tensive land use have a low er density , and the  
U.S. as a w hole is 3.1 h ead  per square m ile. The 
m ost ab u n d an t an d  the  m o st harvested  species is 
the  caribou . T hese figures can n o t be ta k e n  as ac­
cu ra te  b u t shou ld  be considered  guides as a good 
estim ate  o f th e  size o f th e  caribou  h e rd s  is n o t 
available. All ev idence in d ica tes  th a t th e  herd  is 
a lm ost as large as th e  previous h igh in th e  late 19 th  
cen tu ry .
In the  first ha lf o f th is  c en tu ry  th e re  was an 
a lm ost ca ta s tro p h ic  decline in th e  n u m b er o f  cari­
bou . C onservative estim ates figured  the  p o p u la tio n  
was a t 170 ,000  o u t  o f  a beg inn ing  1 to  2 m illion 
anim als. Causes o f  the  decline are p ro b lem atica l 
b u t range d e s tru c tio n  by fire, co m p e titio n  w ith  
the  in tro d u ced  reindeer, un favo rab le  w e a th e r and 
d ep re d a tio n  b y  wolves w ere  p ro b ab ly  all con ­
tr ib u to ry . The p resen t increase  in n um bers  can 
p ro b ab ly  be c red ited  m ain ly  to  th e  b o u n ty  h u n t­
ing o f  wolves w h ich  has rem oved  a very  m ajor 
p red a to r. T he num bers p rob lem  shou ld  be 
w a tch ed  closely as d iseased anim als are appearing  
m ore freq u en tly  and  the w eak  and  th e  lam e are 
n o t cu lled  o u t b y  wolves b u t  survive long  enough  
to  pass on  disease. I t  is n o t to o  u n co m m o n  to  find  
w hole dead carcasses on  th e  tu n d ra .
It is n o t possib le to  go in to  m uch  de ta il on  
each  anim al o f  A rc tic  A laska. Suffice it  is to  say 
th a t th e  n o r th  slope is n o t  as barren  as o ften  
th o u g h t. It is th e  n a tu ra l h o m e  o f  the  A rc tic  w olf, 
the  w olverine, dall sheep , (a t th e  edge o f  the  
slope), m oose, b a rren  land  grizzly , fo x , A rctic  
hare , and  g round  squirrel.
THE PEOPLE
T he last section  to  be d iscussed  in th is  b rie f 
sum m ary  is th e  m ost d ifficu lt o f  all for it con ­
cerns—as th e  Eskim os say— th e  In u p ia t - o r  th e  
people. G enerally  th e  n o r th  A laskan  E skim o was 
divided in to  tw o  g roups by th e ir  w a y  of life. T he 
coastal E sk im o w ho h u n ted  th e  m am m als o f  th e  
sea and  th e  in land  E skim o, th e  N u n am u it o r  th e  
people o f  th e  caribou  w ho lived chiefly  o n  th e  
m igrating herds. The language is su rprising ly  sim i­
lar over m ost o f th e  n o r th  slope a lth o u g h  som e 
dialects do  occur. T he  sim ilarity  in  language is 
p robab ly  due to  th e ir  m obility . T h e  Eskim os were, 
and still are, great travelers. I t  w as n o t u n k n o w n  
fo r a m an  or m ore o f te n  a coup le  o f  B arrow  m en 
to  pack up  th e ir  fam ilies and go to  B arter Island 
over 3 0 0  m iles aw ay fo r  a w eek’s v isit. T o d ay  the  
Eskim o still travels a good deal a n d  does n o t  hesi­
ta te  to  ch a rte r  a sm all plane fo r th e  same ty p e  o f 
social call o r to  a tte n d  a n u la k a tu k  - the  whale 
festival.
It is in te restin g  to  no te  the  p o in t  on th e  C ol­
ville R iver th a t  is k n o w n  as U m iat w here th e  east­
w ard flow ing  river m akes a sharp  b e n d  and  flow s 
n o rth . U m iat is the  p lural o f  u m ia k  w hich is the  
w ooden  fram e boat o f  the E sk im o  covered w ith  
w alrus hides. This p o in t on th e  river, U m iat, is as 
far as th e  coastal peop le  w ould go o n  their jo u rn e y  
up  river. T hey  w ould beach  th e ir  um iaks to  cam p 
here and  trad e  and socialize w ith  the in land  
people. H ence the  nam e U m iat m eaning m any 
um iaks.
H isto rica lly  the  E skim os covered  g rea t dis­
tances by  dog team s to  hun t th e  caribou . T oday  
th ey  still h u n t th e  carib o u  b u t do  so  by snow  ma­
chine, covering great d istances p u lling  sleds b eh in d  
them , o f te n  on  the  tra il for 2 to  3 weeks in all 
kinds o f  w eather. It is o ften  suggested  th a t Eski­
m os have som e sort o f  s ix th  sense because o f  then- 
keen sense o f d irec tio n . This s ix th  sense is sim ply  a 
very well developed  pow er o f observa tion . O n  the  
flat fea tu re less ( to  us) coastal p la in , the  curves o f 
the  rivers, a succession o f s lig h tly  higher sand 
dunes even w hen  b u ried  u n d er a good deal o f 
snow , provide guide p o sts  for an E sk im o. H e also 
will tak e  his bearings in  w in ter f ro m  the sta rs  o r 
th e  sun an d  th e n  set o u t  in the  d ire c tio n  he w ants 
to  go, alw ays s trik ing  th e  snow  d r if ts  at th e  sam e 
angle. He know s the prevailing w in d s are very con­
s tan t and  the  angle o f  th e  snow  d r if ts  provide di­
rec tiona l arrow s a long  the  ro u te . W hen biologists 
first began w orking  in  the  n o r th  th e y  discovered 
th a t  the  best assistan ts were th e  Ifskim os. T h e  Es­
k im o language has separa te  nam es f o r  over 90%  o f  
th e  d iffe ren t species o f  w ildlife w h ic h  inhab it the  
n o r th  slope. F ew  an im als escaped th e ir  a tte n tio n .
The classic s to ry  ab o u t th e  Eskim os keen  
sense o f observation  an d  excellen t m em ory  con ­
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cerns a m an nam ed  Pete Sovalik w ho still w orks at 
the  L abo ra to ry  and  is a veritab le  lib ra ry  o f in fo r­
m ation  fo r m any researchers.
A few  years back, in a b o u t 1 963 , a sc ien tist at 
the  L abo ra to ry  was study ing  th e  geom orphological 
processes o f  change in th e  Colville R iver D elta. His 
first chore was to  m ap the  de lta  w hich  he was 
doing  and he th o u g h t he w ould  try  to  m ain ta in  the 
Eskim o nam es fo r the m any  islands an d  called in 
Pete  to  help . Pete  was pouring  over th e  m ap sup­
plying nam es w hen he p o in ted  to  a b lank  space 
and said th e re  was an island missing. T he  scientist 
so rt o f chuck led  as th ere  are close to  1000 islands 
in th e  delta  bu t he pulled  o u t his field no tes  and 
aerial p h o to s  to  check and sure enough he had 
m issed a small island. He cong ra tu la ted  Pete o n  his 
m em ory  and  asked him  how  long since he’d been 
over there. Pete th o ugh t for aw hile an d  rep lied  - 
1922. We can obviously learn m uch from  these 
people a b o u t living in the  n o r th  co u n try .
The c lo th ing  o f the  Eskim os is a n o th e r  lesson 
th a t can be im m ediately  ad ap ted  for o u r  ow n use. 
T he ir fur c lo th ing  is m ade w ith  the fur-side inside 
to  provide an air space betw een  the b o d y  and  the 
o u te r  w indp roo f skin. Parkas are long and ten tlike  
w ith  no zippers so th a t th ey  tra p  the  rising heat. 
T he hood serves no t on ly  to  keep th e  head and 
face warm  bu t also to  close the  back o f  the neck 
again so th e  trap p ed  heat doesn ’t  escape. Also no­
tice th a t  th e ir c lo thes are loose so n o t to  constric t 
th e  c ircu la tion  o f the  body . P oo r c ircu la tion  is the  
first s tep  to  fro stb ite . The m uk luk  or b o o t fits 
high on  the  calf, a lm ost to  the  level o f  th e  parka. 
The o ld  tim e Eskim o wore caribou  socks and 
stu ffed  an insu lating  pad o f d ried  grass in his m uk­
luk  b en ea th  his foo t and changed th e  pad an d  the  
socks o ften . T he c lo th in g -an d -fo o t gear- was the 
m ost im p o rta n t to  th e  h u n te r  and it was th e  chore 
o f  his wife each  n ight as th ey  cam ped  on th e  trail, 
to  dry o u t th e  m ukluks over the  seal oil lam p  and 
to  sew up  any holes o r  tears in his clo thing.
It is o ften  said th a t  the  E sk im o is a sto ic  non- 
em o tiona l person. T ha t is sim ply n o t true. H e de­
velops very deep fam ily re la tionsh ips and is ex­
trem ely  friendly  and o u tw ard ly  cheerful. E skim os 
will o f te n  laugh in th e  face o f  a m inor d isaster - 
like a b roken  leg - and  usually laugh at them selves. 
This is m ainly an e ffo rt a t m aking the  best o f  a 
bad  situa tion . Such an  ad ju stm en t to  fa te  seems 
very logical in  a people w ho have learned to  live in 
such  a harsh env ironm ent. W hen one reads the 
new spapers to d ay  it is d ifficu lt n o t to  feel th a t we 
have a lo t to  learn from  these peop le  o f  the  N orth .
I hope th is very hu rried , ram bling  in tro d u c ­
tion  to  the  A rctic  has w h e tted  a few  ap p e tite s  and 
aroused  yo u r cu riosity  to  learn  m ore. The A rctic  is 
really little  know n. K oyanuk  - Silya K inngya - 
T hank  you  and good day.
John Frederick Schindler
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A la sk a ’s Possible Petroleum Provinces*
George Gryc 
U.S. Geological Survey 
M enlo Park , California
ABSTRACT
Petroleum is the major Alaskan source of energy immediately available to the United States. Petroleum accounted 
for 89 percent or about $219 million of Alaska’s total mineral production in 1969 estimated at nearly $245 million.
Alaska’s first oil field was discovered at Katalla in 1902. About 154,000 barrels of oil were produced from 1902 to 
1933. From 1945 through 1952, 45 shallow core tests and 36 test wells were drilled in and adjacent to Naval Petroleum 
Reserve No. 4 in northern Alaska. Oil deposits with possible reserves of 72 to 112 million barrels and gas deposits with 
possible reserves of over 300 billion cubic feet were discovered. In 1957 oil and gas were discovered in Cook Inlet. The 
reserves are estimated at 1.5 to 2.6 billion barrels of oil in place and about 5 trillion cubic feet of gas. The discovery of 
oil at Prudhoe Bay in northern Alaska was announced in 1968 and the reserves were estimated at 5 to  10 billion barrels. 
Speculative reserve figures as high as 40 billion barrels of oil at Prudhoe Bay and 100 billion in Arctic Alaska have been 
published.
Future prospects for petroleum in Alaska appear to be best in northern Alaska, Cook Inlet, Gulf of Alaska, and 
continental shelf regions.
The discovery o f a g iant o il poo l near Prudhoe 
Bay signifies to  m any th a t  th e  vision o f  Alaska as 
“ a vast sto rehouse of m inerals”  is ab o u t to  m ate­
rialize. Many Alaskans see th e  developm ent o f 
N o rth  Slope oil as the m eans to  econom ic grow th  
and  independence. E xplora tion ists and  developers 
are intrigued by  th e  possibilities o f vast petro leum  
and  o th er m ineral resources th ro u g h o u t the  N orth  
A m erican A rctic . E conom ists and po litical s tra te ­
gists see the possibilities o f significant shifts in 
w orld  trade and  in te rnationa l relationships. But 
m any, including A laskans, are concerned by  the  
environm ental effects and  changes th a t  develop­
m en t will bring  to  this h ith e r to  rem ote  and iso­
la ted  A rctic region.
T hat a m ajor sym posium  has been  convened 
in Rolla, M issouri on th e  subject o f  far n o rthe rn  
developm ent illustrates th e  w idespread in terest in 
th is  subject. O n hearing th a t /  was partic ipa ting  in 
such  a m eeting here, one  o f  m y colleagues ex­
pressed surprise, b u t th en  observed th a t  th is fit the  
“ show  me” M issouri trad itio n . I suspect th a t there 
are others, also, w ondering if the  A rctic  has been 
tru ly  rediscovered.
Y our chairm an  was very fla tte ring  and titled  
m y part in th is discussion as “ A laska’s po ten tia ls  in 
energy requ irem en ts fo r the  U .S .”  U n fo rtuna te ly , 
m y know ledge and experience is n o t th a t all- 
inclusive. I will w rite m ostly  o n  “ A laska’s possible 
pe tro leum  provinces” , a sub ject in w hich I have 
been  in terested  fo r m any years.
Petroleum  is certain ly  the m ajor A laskan 
source o f energy  im m ediately  available to  the  rest 
o f  the U nited  States. O ther possible Alaskan 
energy sources, including coal, oil shale, and rad io ­
*Publication authorized by the Director, U.S. Geological 
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active m aterial are presently  m in o r co n trib u to rs  
and p robab ly  will rem ain  so fo r  som etim e. T he 
to ta l m ineral p ro d u ctio n  in A laska in 1969 is 
estim ated at nearly $245 m illion. Petro leum  ac­
coun ted  for $219 m illion dollars o r 89 percen t. 
Sand and  gravel p ro d u ctio n  to ta le d  slightly m ore 
than $15 m illion o r  abou t 6 percen t. O f th e  
rem aining 5 percen t, gold p ro d u c tio n  to ta led  only  
$679 ,000 , coal $278 ,000 , and th e  rem aining $10 
m illion included sm all p ro d u c tio n  o f b a rite , an­
tim ony , silver, copper, gem sto n es , m ercury , peat, 
p latinum  group m etals, building s to n e  and tin .
I n  considering Alaska’s energy po ten tia ls 
hyroelectric  pow er should  no t be overlooked  b u t I 
will n o t discuss th is  in any deta il. Sufficient to  
note th a t th e  estim ated  gross th eo re tica l pow er 
from  A laska’s p o ten tia l sites, ranks second only to  
W ashington am ong th e  States and  is abou t 12 per­
cent o f  the na tiona l to ta l. The p resen t use o f th is  
energy source is lim ited .
T he po ten tia l energy sources from  A laskan 
m inerals o th e r  th an  petro leum  can  be sum m arized 
ra ther briefly . The coal resources o f  Alaska have 
been estim ated  by Barnes, o f the  U .S .G .S., as m ore 
than 130 billion to n s  including a b o u t 19.5 billion 
tons o f  b itum inous coal and 110.5 billion tons o f  
subb itum inous coal and lignite. M ost o f A laska’s 
coal resources are in  th e  A rctic b u t the  p ro d u ctio n  
to  da te , fluc tuating  betw een  6 5 0 ,0 0 0  and 850 ,0 0 0  
tons, com es m ostly  from  so u th e rn  Alaska in th e  
N enana and M atanuska coal fields along th e  rail­
way belt. In  view o f  the  vast coal resources o f the  
con term inous U.S., th e  possible fu tu re  m arkets fo r 
Alaskan coals are th e  developm ent o f a chem ical 
industry  in the  S ta te  and foreign export. T he U.S. 
Bureau o f Mines has reported  th a t  some A laskan 
coals are suitable fo r  use in coke blends w hich  are 
in great dem ands, especially in Jap an .
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Oil shale ex tends over a large area o f A rctic  
Alaska. Som e selected sam ples have yielded as 
m uch  as 150 gallons o f  crude oil per to n  o f  oil 
shale - very  rich , indeed. Sm all b u t anom alous 
am oun ts o f  m etals are p resen t in  som e o f th e  oil 
shale. How ever, th e  shale has been  caught up  in  a 
s tru c tu ra lly  com plex be lt along the  n o r th  fro n t of 
the B rooks Range and th u s  is n o t p resen t in large 
am oun ts in  any one  area. M ore da ta  are needed  on 
the geologic setting , tonnage, and  bulk grade.
R adioactive m aterials such  as u ran ium  and 
th o riu m  are  p resen t in som e A laskan rocks b u t do 
no t appear to  be co n cen tra ted  in large m ineable 
deposits. O ne sm all deposit o f  u ran ium  has been  
m ined at B okan Mine in so u th easte rn  Alaska and 
a n o th e r has been recen tly  rep o rted  in th a t region. 
O ur geologic stud ies to  d a te  ind ica te  th a t  large de­
posits o f u ran ium  such as those  o f th e  C olorado  
P lateau are n o t p resent in  A laska.
H ow ever, pe troe lum  is q u ite  a n o th e r s to ry  
and one th a t  began early in A laska’s h isto ry . Oil 
seepages in  C ook In let w ere k now n  to  th e  Russians 
as early  as 1853 and  those  along the  A rctic  C oast 
have been know n since a t least 1900. Drilling fo r 
oil along th e  Alaska Peninsula and in the  K atalla 
area began ab o u t 1900 an d  co n tin u ed  un til 1904. 
This period  o f  ex p lo ra tio n , A laska’s first oil boom , 
collapsed because o f  failure to  find  large deposits, 
high cost o f  exp lo ra tion , d ifficu lty  o f  ob tain ing  
title  to  lands u n d er the p lacer m ining laws in ef­
fec t, and because o f  co m p e titio n  from  rapid ly  de­
veloping oil fields in California.
A laska’s first oil field was discovered at 
K atalla in 1902. A bou t 154 ,000  barrels o f oil w ere 
p roduced  from  1902 to  1933 w hen part o f  the  
refinery  was destroyed  by  fire and th e  o p era tio n  
was shu t dow n.
A descrip tion  o f the  Cape Sim pson oil seep­
ages on  the  A rctic  Coast was first published by  the  
U.S.G.S. in  1909. Claims u n d e r th e  old m ining law 
were staked  in the  area o f  1920 and  1921 but w ere 
invalid because o f  the  new  leasing laws passed in 
1920.
This new  oil and gas leasing act and  th e  in­
creasing dem and fo r oil s ta r te d  a new A laskan oil 
boom  involving n o t only th e  accessible sou th  coast 
of Alaska b u t o th e r  m ore rem o te  areas such as 
A rctic  Alaska.
In 1923 ab o u t 37 ,000  square  m iles in n o r th ­
ern Alaska including th e  k n o w n  oil seepages at 
Cape Sim pson w ere set aside as Naval P e tro leum  
Reserve No. 4. T he region was exp lored  fo r the  
Navy by th e  U.S. G eological Survey in  1923 to  
1926 and th e  results w ere published  in  1930 as 
U.S.G.S. B ulletin  815 . T h a t re p o r t o u tlin ed  fo r th e  
first tim e th e  regional geologic se tting  o f  the  N o rth  
Slope and discussed the p e tro leu m  po ten tia l. Pos­
sible source rocks o f  pe tro leum  an d  struc tu res s u it­
able fo r accum ulation  w ere described. T he rep o rt
also cau tioned  w ould-be p ro spec to rs  against the 
adverse geographic fac to rs  and  the  consequentia l 
high costs — a cau tion  w hich is still relevant.
N othing m ore was done to  assess th e  p e tro ­
leum  possibilities o f n o rth e rn  A laska un til 1944 
w hen th e  U.S. Navy u n d e rto o k  a vast exp lo ra tion  
program  utilizing all th e  m odern  to o ls  of geology, 
geophysics, and drilling. In . the  period 1945 
th ro u g h  1952, 45 shallow  core tes ts  and 36 test 
wells were drilled m ostly  w ith in , b u t a few  ad­
jacen t to , NPR-4. Oil deposits  were discovered at 
U m iat (60  to  100 m illion barrels) an d  at S im pson 
(12  m illion barrels). A small heavy oil deposit, pos­
sibly a residual oil, was found  at F ish  Creek. Gas 
fields were found  at Barrow (5 to  7 billion cubic 
feet) and G ubik  (3 0 0  billion cubic fee t) and  pos­
sible gas fields were ind ica ted  by  drilling at M eade, 
Square Lake, and  W olf Creek.
The U.S. G eological Survey also partic ipa ted  
in  the  1944 to  1953 Navy ex p lo ra tio n  program . 
All o f the techn ica l data  and resu lts  have been 
e ither published  in th e  series o f U .S.G.S. P rofes­
sional Papers 301 th rough  305 o r are available 
th ro u g h  our office in M enlo Park.
M eanwhile in sou thern  A laska, drilling con­
tinued  sporadically  in the  1940’s an d  early  ’50’s 
w ith o u t success. In 1957 the  R ichfie ld  Oil C o rpo ­
ra tion  drilled the  first w ildcat test on  the  Kenai 
Peninsula and discovered th e  Sw anson R iver oil 
field. T his began A laska’s latest and m ost success­
ful oil boom . Since 1957 six oil fields and abou t 
16 gas fields have been  discovered in th e  C ook 
In let area. The reserves are es tim a ted  at no  less 
th an  1.5 and p robab ly  abou t 2 .6  b illion  barrels o f 
oil in-place and ab o u t 5 trillion  cubic  feet o f  gas. 
T he petro leum  p o ten tia l o f th e  u p p er C ook Inlet 
area is believed by som e to  be 2 to  3 tim es th a t o f 
th e  estim ated  reserve, bu t o th ers  have expressed 
d isappo in tm en t in the  recent slow dow n o f  dis­
coveries in  th a t province.
T he success a t C ook In let s tim u la ted  p e tro le ­
um  exp lo ra tion  th ro u g h o u t th e  S ta te . A fte r the 
close-out in 1953 o f  th e  U.S. Navy program  no 
wells had been drilled on th e  N o rth  Slope until 
1963. Seven wells were drilled from  1963 to  1965 
in  the general region o f the U m iat and  G ubik  dis­
coveries. In 1966 the  A tlan tic-R ichfie ld  C om pany 
drilled a dry hole 70 miles east o f  U m iat and 
British Petro leum  drilled tw o tests near the  Col­
ville D elta th a t were com pleted  as d ry  holes bu t 
w ith  show s o f oil. In  1967 A R CO  drilled th e  dis­
covery well near P rudhoe Bay b u t th e  size o f  the 
discovery was n o t published u n til 1968 w hen an 
estim ate  o f 5 to  10 billion barrels was announced . 
The struc tu re  was described as very large and  very 
p roductive. Soon speculative reserve figures as high 
as 40 billion barrels a t P rudhoe Bay and  up to  100 
billion in  A rctic Alaska were being q u o ted  in the 
trade  journals.
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The h isto ry  and  ob jec tives o f  th e  several tes t 
w ells in n o r th e rn  Alaska leading u p  to  th e  P rudhoe 
discovery are discussed in  som e de ta il in  U .S.G .S. 
P rofessional Paper 305 and  w ere sum m arized  a t a 
sym posium  on N o rth  S lope geology held  in Palo 
A lto , C alifornia, in F e b ru a ry , 1970. T he p ro ­
ceedings o f  th is  sym posium  have been  published  
by  th e  Pacific S ec tion  o f  th e  A m erican  A ssociation  
o f  P etro leum  G eologists.
So m u ch  fo r  a very b rie f and  sk e tc h y  h isto ry  
o f oil e x p lo ra tio n  in A laska. Perhaps o f  g rea ter 
in te res t to  th is sym posium  is th e  fu tu re  pe tro leu m  
p o ten tia l o f  A laska. T o be su re , th ere  is no  w ay of 
know ing  w ith  an y  high degree o f accu racy  the  
a m o u n t o f  und iscovered  oil an d  gas in  A laska. F ig­
ures, even fo r k n o w n  reserves in  C o o k  In le t and 
th e  N orth  S lope, range b y  a fa c to r  o f  tw o  o r m ore . 
S ta tis tica l p ro jec tio n  o f  fu tu re  discoveries w ould  
n o t be reliable because o f rela tively  lim ited  p ro ­
d u c tio n  and  sh o rt h isto ry  o f  d eve lopm en t. M ost of 
A laska’s sed im en ta ry  basins are in a very early  
stage o f e x p lo ra tio n  in sp ite  o f  th e  long  h isto ry  o f 
activ ity . A laska’s p e tro leum  p o te n tia l can be as­
sessed best by a s tu d y  o f  its geology and  by com ­
parison  w ith  o th e r  k now n  p e tro life ro u s  regions.
The general geology o f  A laska an d  com pari­
sons w ith  o th e r  w estern  regions o f N o r th  A m erica 
are sum m arized  in  the several papers I have laready  
c ited  and  I will discuss th em  o n ly  in  general term s 
here . T he geology and  geography  o f  A laska are 
grossly sim ilar to  the  w estern  p a rt o f  the  con­
term in o u s  U n ited  S tates and w estern  C anada. T he 
m ajo r geologic belts  and  m ajo r m o u n ta in  system s 
can be traced  across w estern  C anada in to  Alaska. 
T h e  Alaska R ange can be com p ared  geologically 
w ith  the  Sierra Nevada o f  C alifo rn ia ; the  Kenai- 
C hugach  M ountains w ith  th e  C oast R ange; the  
C ook  In le t-S usitna  and C opper R iver low lands be­
tw een  these  m o u n ta in  ranges w ith  th e  G reat Val­
ley  of C alifo rn ia . In b o th  A laska and  C alifornia, 
M esozoic rocks in  the  low land  belts  have sim ple 
s tru c tu re s  and good  reservoir rocks an d  b o th  are 
petro liferous.
The B rooks Range has been  com pared  w ith  
th e  R ocky  M ountains o f  th e  co n te rm in o u s  U.S. 
an d  w estern  C anada. A lth o u g h  th ere  are  m any  sim­
ilarities, b o th  s tra tig raph ic  and  s tru c tu ra l, recen t 
w o rk  has d raw n  a tte n tio n  to  a possib le geologic 
h isto ry  m ore closely re la ted  to  o th e r  A rctic  re­
gions, p a rticu la rly  the  C anad ian  A rc tic  Islands and 
W rangel Island o f f  the coast o f  Siberia.
A laska’s p e tro leu m  p o te n tia l has been  assessed 
o n  the basis o f  geologic fac to rs  several tim es in  the 
p as t 30 years. T he  AAPG has sponso red  and  pub ­
lished  several o f  these studies. In  1941, P.S. Sm ith , 
o f  the  U .S .G .S ., published  a p ap er in  th e  B ulletin  
o f  AAPG on  “ Possible fu tu re  o il p rov inces o f Alas­
k a ” . T en  years later, D on  M iller, T om  Payne, and  I
again review ed th is sub jec t in  an A A PG  vo lum e. In  
1959  w e pub lished  a m ore co m p le te  sum m ary  o f  
th e  geologic fac to rs  bearing  o n  A laska’s p e tro le u m  
p o ten tia l. T his review  was u p d a te d  in 1964 in  a 
S enate  D ocum en t on  A laska and  in  1968 in  AA PG 
M em oir on  th e  N a tu ra l G ases o f  N o r th  A m erica. 
A b o u t a  year la te r  th e  N a tiona l P e tro le u m  C ouncil 
w as  asked  to  evaluate  th e  fu tu re  p e tro leu m  
p rov inces o f th e  U.S. and  again U .S .G .S . geologists 
p a rtic ip a ted . T h e  sum m ary  vo lum e has been  p u b ­
lished an d  the  d e ta iled  papers on p rov inces  will be 
p u b lish ed  as an  A A PG  M em oir.
In  all o f  o u r  A laskan  eva lua tions we have tr ie d  
to  assess the several fac to rs  w hich  have a h igh c o r­
re la tio n  w ith  the  o ccu rren ce  o f  p e tro leu m  in ­
c lud ing  p resence o f  o il and  gas seepages, possib le 
sou rce  beds, ty p e  and  vo lum e o f  sed im en ta ry  
rocks includ ing  possib le reservo ir beds, geologic 
s tru c tu re , geologic h is to ry , and , o f  cou rse , d e ­
v e lo p m en t a n d  p ro d u ctiv e  h is to ry . All o f  these  
fac to rs  w ere c o m p ared  w ith  o th e r  reg ions k n o w n  
to  be p e tro life ro u s.
T he  d efin ition  o f  A laska’s possib le p e tro leu m  
prov inces as defined  in U .S.G .S. B u lle tin  1094 is 
now  w idely used  in  th e  lite ra tu re . I w ill b riefly  
sum m arize th ese  provinces and  give th e  m ost re ­
cen t eva lua tion  based  on  th e  several papers  p re ­
pared  fo r  the NPC s tu d y . (See figure 1)
T he  A rctic  S lope P rovince, co m m o n ly  called 
th e  N o rth  S lope, has n o t o n ly  th e  largest reserve 
b u t  m ust be c re d ited  a t th is  tim e  w ith  th e  g rea test 
fu tu re  p o ten tia l. I t  is an  area o f  m ore  th a n
100 ,0 0 0  square  m iles o f w h ich  a t least 7 0 ,0 0 0  are 
considered  p o te n tia lly  p e tro life ro u s. T h e  average 
th ickness  o f se d im en ta ry  rocks is a b o u t 3 m iles 
and  th e  to ta l vo lum e a b o u t 2 1 0 ,0 0 0  cu b ic  miles.
T h e  fu tu re  p e tro leu m  possib ilities o f th e  
N o rth  Slope can  be considered  in  term s o f  th ree  
m ajor s tru c tu ra l an d  s tra tig rap h ic  belts. T he  P ru d ­
hoe  B ay field is lo ca ted  on  an e longa ted  p la tfo rm  
o r  shelf developed  over a basem en t h igh  th a t ex ­
ten d s  fro m  th e  easte rn  B rooks R ange to  P o in t Bar- 
row  a n d  possib ly  o n to  th e  c o n tin e n ta l shelf. T his 
A rc tic  p la tfo rm  as d e fin ed  b y  Brosge' an d  T ailleur 
o f  the  U .S.G .S. covers a b o u t 2 0 ,0 0 0  square  m iles 
along th e  A rc tic  C oast, m o st o f w h ich  has a high 
p o ten tia l.
T he  U m iat and  G ub ik  fields are  in C re taceous 
sandstones o n  an tic lin a l s tru c tu re s  a b o u t m idw ay 
b e tw een  the A rc tic  C oast and th e  f ro n t o f  the  
B rooks R ange near th e  ax is o f  th e  M esozoic C ol­
ville G eosyncline. S im ilar s tru c tu re s , ov er an area 
o f  a b o u t 4 2 ,0 0 0  square  m iles, are  like ly  p ro sp ec ts  
fo r  o il and gas d ep o sits  o f  a size com parab le  to  
those  a lready  discovered.
A s tru c tu ra lly  co m p lex  belt o f  M esozoic and  
Paleozoic ro ck s  covering an  area o f  a b o u t 8 ,0 0 0  
square  miles ad jacen t to  th e  n o r th  f ro n t  o f  th e
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w estern  B rooks R ange is com p arab le  to  th e  A lber­
ta foo th ills  and m ay  have p e tro leu m  possib ilities 
sim ilar to  this be lt in  Canada.
By virtue o f  its know n  reserves and  cu rren t 
p ro d u c tio n  the C o o k  In let p e tro leu m  province 
m ust be ranked  as second in  A laska. T h e  C ook 
In let fields are p a rt  o f  a m uch  larger geologic p ro ­
vince th a t  ex ten d s fro m  the  C h itin a  V alley  south- 
w estw ard  across C o o k  Inlet to  th e  tip  o f th e  Alaska 
Peninsula. The province inc ludes a long narrow  
wedge o f  m o d era te ly  de fo rm ed  m arine clastic 
rocks o f  upper M esozoic age an d  p red o m in ate ly  
nonm arine  rocks o f  T ertiary  age th a t  overlie a se­
quence o f o lder M esozoic and  Paleozoic rocks. The 
know n com m ercial deposits o f  o il and gas are in 
the  nonm arine  ro ck s  o f T ertia ry  age. R ocks o f  th is 
and possibly u p p e r  M esozoic age are believed to  
have th e  best possib ilities fo r  fu tu re  discoveries in 
th is province.
I t should  be n o ted  th a t  m any  of th e  Cook- 
In let deposits are o ffshore  on  th e  c o n tin e n ta l 
shelf. O ther sub-sea areas also ho ld  p rom ise fo r 
p e tro leum  developm en t. A laska’s c o n tin e n ta l shelf 
is nearly  equal in  size to  the  m ain land  and  is larger 
than  th a t  o f all o f  th e  o th e r  s ta te s  com bined . T he 
p o ten tia l o ffshore  areas described  in  th e  N ational 
P e tro leum  C ouncil review as th e  Pacific Margin 
T ertia ry  Province, th e  B ristol B ary  T ertia ry  P ro ­
vince, th e  Bering Sea Shelf, an d  the  B eaufort- 
C hukch i Sea Shelf. A lth o u g h  all are on  th e  c o n ti­
nen ta l shelf th e y  include a va rie ty  o f  geologic se t­
tings and  p resen t im posing log istic  p rob lem s in ­
cluding the  Polar Icecap.
T he  c o n tin e ta l shelf o f  th e  B eaufort and  
C hukch i Seas ex ten d in g  fro m  th e  A laska-Canada 
b o u n d a ry  west to  th e  assum ed In te rn a tio n a l D ate­
line, 169° west long itude, so u th  to  th e  Sew ard 
Peninsula and seaw ard  to  th e  200  m eter b a th y m e t­
ric c o n to u r  is an  area o f a b o u t 2 0 0 ,0 0 0  square 
miles. T he A rc tic  P la tfo rm  s tru c tu ra l rise, along 
w hich th e  B arrow  gas fie ld  and  S im pson and  
P rudhoe  Bay o il fie lds are lo ca ted  p robab ly  co n ­
tinues west o n to  th e  shelf and  ex ten d s  n o r th  a 
sho rt d istance o f f  th e  coast and  th e n  d ips seaw ard. 
R ecen t w ork b y  G ran tz , U .S .G .S ., in  co llab o ra tio n  
w ith  th e  U.S. C oast G uard  ind ica tes a seaw ard 
ex tension  o f th e  fo lded  C re taceo u s ro ck s  o f th e  
Colville geosyncline and an ex ten s io n  o f th e  
B rooks Range fo ld  be lt in c lu d in g  th e  d istu rbed  
belt. T hus by  analogy  th is  sh e lf reg ion  has a 
p e tro leu m  p o te n tia l com parab le  to  th a t  o f  th e  
land area o f th e  N o r th  Slope.
S o u th  o f th e  B rooks R ange tre n d  o n  the  con ­
tin e n ta l shelf in  th e  v icin ity  o f  K o tzeb u e  S ound  
there  is a basin  o f  p robab le  T ertia ry  rocks th a t 
m ay have p e tro leu m  p o ten tia l.
O n the  Bering Sea Shelf, Scho ll and  H opkins, 
U .S .G .S., have described  th re e  possible targets fo r
p e tro leu m  ex p lo ra tio n , th e  N o rto n  B asin and  the  
P rib ilo f an d  Z em chung  depressions. All are be­
lieved to  be filled  w ith  C enozoic deposits  o f  an 
average th ick n ess  o f perhaps 3 ,0 0 0  fe e t  and a m ax­
im um  o f perhaps 6 to  7 ,000 .
The B risto l Bay p rov ince  is largely  an  o ffshore  
basin  and  sim ilar geologically to  o th e r  Bering Sea 
T ertia ry  basins. H ow ever, the  p rov ince  ex ten d s 
so u th  and  east on sh o re  in to  a lo w lan d  largely cov­
ered  by alluvial deposits  o f  Q u a te rn a ry  age. T o  the  
n o r th  and  n o rth w est th e  province is b o rd ered  by 
C re taceous shale and grayw acke a n d  sca tte red  in­
trusive rocks. T he  B risto l Bay p rov ince  is con ­
sidered p o ten tia lly  p e tro life ro u s  on  th e  basis o f  a 
fa irly  th ick  sequence o f  m arine a n d  coal-bearing 
non m arin e  rocks o f T e rtia ry  age, a geologic se ttin g  
som ew hat rem in iscen t o f  Cook In le t. The p ros­
pective area is n o  less th a n  7 ,500  sq u a re  m iles and 
th e  average th ickness o f  sed im en tary  ro ck s  perhaps
8 .0 0 0  to  10 ,000  feet.
T he Pacific M argin T ertiary  P rov ince has re­
ceived th e  m ost a tte n tio n  o f all th e  A laskan  o ff­
shore  p rospec ts  and  has also been a p rim e onshore  
target. T he  province as described  by  P lafker, 
U .S .G .S., in the  fo rth co m in g  NPC s tu d y  ex ten d s  
fro m  C h iriko f Island o n  th e  w est to  Cross S ound  
in  so u th easte rn  A laska. I t  is 900  m iles long a n d  2 
to  60 m iles w ide o n sh o re  and acco rd ing  to  V on 
H uene, L a th ram , and R eim netz , U .S .G .S ., ex ten d s  
o ffshore  to  the  edge o f  the  c o n tin e n ta l shelf. Plaf­
k e r  estim ates th a t  th e  to ta l land a n d  co n tin en ta l 
she lf area  underla in  by  T ertia ry  ro c k s  is ab o u t
4 0 .0 0 0  square  miles.
T he ab u n d an t o il and gas seepages in  the 
K atalla, Y akataga, an d  M alaspina d istric ts , k n o w n  
since 1896, have been  th e  m ajor fac to rs  en co u r­
aging ex p lo ra tio n  in th is  province. Seventy-one 
te s t and  developm en t wells have b e e n  drilled  and 
one  oil field  was discovered at K atalla.
O th er possible p e tro leu m  p rov inces o f A laska 
as described in  ou r 1959 paper are o n  land  and 
include  the Y u k o n-K oyukuk , Y ukon-P o rcup ine  
several in te r io r  low lands, and tw o  sm all areas in 
so u th eas te rn  A laska, th a t  included  rela tive ly  un ­
d istu rb ed  sed im en tary  rocks. M ore rec e n t geologic 
m apping  and s tu d y  suggests th a t th ese  provinces 
are  less likely to  be p e tro life ro u s  th a n  previously 
described.
T he Y u k o n -K o y u k u k  Province w as orig inally  
th o u g h t to  be a large single basin  o f  M esozoic 
rocks w ith  relatively  sim ple s tru c tu re . T w o deep 
tes ts  w ere drilled  in 1960-1 and  b o th  w ere dry. 
R ecen t field  stud ies b y  P a tto n , M iller and o th ers  
have d em o n stra ted  th a t  the  Y u k o n -K o y u k u k  p ro ­
vince is n o t one  depositiona l tro u g h  b u t  parts  o f  at 
least tw o  w ith  a com p lex  h isto ry  o f  in trusive and 
ex trusive volcanism . T h e  s tru c tu re  o f  the  province 
is exceedingly com plex  and  cu t b y  ex tensive fau lt
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system s. T h e  p e tro leum  p o te n tia l o f  th is  province 
no w  appears to  be lim ited .
R ecen t field  stud ies by  B rabb  and  C hurk in  in 
th e  Y ukon-P orcup ine  Province in d ica te  a m uch  
sm aller p rospective  area th an  th e  15 ,000  square 
m iles originally  envisioned. H ow ever, a th ick  se­
quence  o f  sed im en tary  rocks rep resen ting  nearly  
every period  o f  geologic tim e is exposed  in  the  
province. T he to ta l aggregate th ick n ess  is a b o u t
3 7 ,0 0 0  fee t and  includes oil shales a n d  o th e r  o r­
ganic-rich rocks, and reef-like carbonates. H ow ­
ever, the  s tru c tu re  o f the  area is com plex  and on ly  
a very  sm all area  appears to  w o rth  te s tin g  fo r  pe­
tro leum .
An arcua te  b e lt o f low lands in in te rio r A laska 
was first inc luded  as possible p e tro leu m  provinces 
in o u r 1959 bu lle tin . In d ica tio n s  and  argum ents 
fo r possible p e tro leu m  accu m u la tio n s  included  gas 
show s in som e shallow  tests, th e  possib ility  th a t 
T ertia ry  m arine rocks o r  o th e r  favorable rocks 
m ight underlie  th e  Q ua te rna ry  sed im en ts  w hich  fill 
th ese  to p o g rap h ic  basins, and th e  possib ility  th a t 
som e of these  basins m ay  be s tru c tu ra l as w ell as 
topograph ic . R ecen t evidence, includ ing  geologic 
m apping  and  geophysical surveys, argues against 
th e  possib ility  o f  com m ercial p e tro leu m  deposits 
in these  low lands excep t fo r possible sm all m e th ­
ane gas accum ulations.
Igneous and  m etam o rp h ic  rocks underlie  m ost 
o f  so u th eas te rn  Alaska. H ow ever tw o  areas, H eceta  
and  K eku Islands, were n o ted  in  th e  1959 b u lle tin  
as  b e in g  anom alously  underla in  b y  u n m eta ­
m orphosed  Paleozoic o r M esozoic rocks and co n ­
ceivably cou ld  include p e tro leu m  deposits. A th ird  
area ex tend ing  fro m  A dm ira lty  Island to  Z arem bo
Island includes T ertiary  coal-bearing beds and  this 
conceivably could  con ta in  p e tro leum  deposits. 
H ow ever, th ere  is no  d irec t evidence o f p e tro leu m  
and  th e  areas are rela tively  small.
T h a t A laska’s p e tro leu m  p o ten tia l is vast is no 
longer in question . T he  know n and  p o ten tia l re­
serves a t P rudhoe Bay are given by  th e  NPC study  
a t 31 .3  b illion  barrels o f oil-in-place o f  w hich  12.5 
b illion  barrels are considered  recoverable. T h e  re­
serves a t C ook In le t are e s tim a ted  a t 2.6 b illion 
and  0 .5  b illion recoverable c rude  oil. In ad d itio n  
to  these  know n and  p o ten tia l reserves, speculative 
reserve estim ates by the  a u th o r  o f  the  N ational 
P e tro leum  C ouncil S um m ary  are q u o ted  as 43.5 
b illion  barrels o f oil-in-place and 17.4  b illion  bar­
rels o f  recoverable oil. T he NPC to ta ls  for know n , 
p o ten tia l, an d  speculative reserves fo r  all o f  Alaska 
are 82 .6  b illion in-place and  32.5 recoverable. I 
believe these estim ates are realistic  in  light o f  pre­
sent geologic know ledge, b u t m y edu ca ted  guess is 
th a t  th e y  are conservative. T he biggest u n k n o w n  is 
th e  A laskan c o n tin en ta l shelf. Favorable resu lts  on 
th e  shelf could  easily double  th e  es tim a ted  p e tro le ­
um  resources o f  Alaska.
T his rosy  p ictu re  w ould  be in com ple te  if  I did 
n o t a t least m en tion  the  th o rn y  p rob lem s o f  ter­
rain , a rc tic  env ironm en t and  th e  geologic hazards 
o f  perm afro st and active seism ic zones. T he U.S. 
G eological Survey is co llecting  data  on  these p ro b ­
lem s as well as on th e  m ineral resources. T h e  cur­
ren t dem and  fo r d a ta  and eva lua tion  is in  danger 
o f  o u tstr ip p in g  ou r capac ity  to  p rovide th is  in fo r­
m ation . T here  is a real danger th a t land use deci­
sions will be m ade w ith o u t ad eq u ate  know ledge of 
th e  geology and  terrain .
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G eologic  Considerations and Solid M inera l 
Potential of A la sk a 1
A. E. W eissenborn 
U. S. G eological Survey 
Spokane, W ashington
ABSTRACT
In marked contrast to Alaska’s petroleum industry, production from the State’s mining industry has declined 
drastically. Despite favorable geologic conditions, mineral exploration and development have been held back by 
inaccessibility, rugged terrain, severe climate, and scarcity and high cost of labor. Changing economic and political 
conditions, improved exploration techniques, and the ever increasing demand for minerals have again directed attention 
to Alaska’s mineral potential. Im portant discoveries in British Columbia and Yukon Territory have further stimulated 
exploration in Alaska. The probability that significant discoveries will result is high.
The titaniferous iron ores of southeastern Alaska probably will be brought into production soon, but the greatest 
exploration effort is presently directed to the search for porphyry-copper-molybdenum deposits. Probability of success 
appears good. Minable lead-zinc deposits may be discovered. Beryllium-fluorite-tin deposits on the Seward Peninsula 
offer possibilities. Discovery of additional uranium deposits seems likely. Mercury exploration is active; small-scale 
production of platinum and antimony can be expected. No significant increase in gold mining is anticipated at present 
prices. Sharply increased production of barite and construction materials should result from developments in the oil 
fields. Alaska’s mining industry may be approaching a period o f considerable expansion.
A laska’s considerable  re p u ta tio n  as a m ineral- 
rich S ta te  dates back  to  th e  early  gold rush  days 
and to  th e  discovery  of th e  bonanza  copper de­
posits o f the  K en n eco tt m ine. R ecen t events have 
again focused a tte n tio n  on th e  p o ten tia l w ealth  o f 
the S ta te ’s m ineral resources. In  1968, the last 
year final figures are available, A laska, w ith  a m in­
eral p ro d u ctio n  valued at $ 2 2 1 .7  m illion ranked  
2 5 th  in th e  list o f  m ineral-producing  S tates. This 
p ro d u ctio n  com pares favorably  w ith  th e  values 
derived from  its  o th e r  n a tu ra l resource industries 
in th e  sam e year — $5.5 m illion  from  agricu lture , 
$217.5 m illion fro m  fisheries, an d  $91 .0  m illion 
from  forest p ro d u c ts . P re lim inary  figures show  
th a t in  1969 th e  S ta te ’s m ineral p ro d u ctio n  in­
creased to  a b o u t $244.5  m illion . This value will 
increase dram atically  as th e  vast pe tro leum  re­
sources o f  the A rc tic  Slope becom e available fo r 
use. A laska will th e n  becom e one o f  th e  c o u n try ’s 
leading m ineral p roducing  S tates.
T hese p leasant figures te n d  to  disguise the un ­
happy  fact th a t n o t all segm ents o f  A laska’s m in­
eral in d u stry  have fared  equally  well. In  1969, 89 
percen t o f  A laska’s to ta l m ineral p ro d u ctio n , or 
$218.7  m illion2 was derived fro m  crude oil and 
na tu ra l gas in th e  K enai Peninsula and th e  offshore 
Cook In let fie lds; $15.1 m illion  cam e from  th e  
p ro d u c tio n  o f sand  and gravel. T he value o f all 
o th e r m ineral p ro d u c ts  p roduced  in the  S ta te , in ­
cluding b itu m in o u s  coal, b a rite , gold, silver, m er-
1 Publication authorized by the Director, U.S. Geological 
Survey.
Figures from U.S. Bureau of Mines Minerals Yearbook
cury , copper, gem stones, p latinum  g ro u p  m inerals, 
and  stone to ta le d  on ly  $10.7 m illion.
M ining, p a rticu la rly  m etal m in ing , cu rren tly  is 
a t a very  low level. In  1969, gold m ining, once a 
leading industry  in Alaska, y ie lded  only  $679 
thousand . M ining o f copper v irtu a lly  ceased by 
1933, and  on ly  small am oun ts have been  p roduced  
since. It is a shocking fac t th a t in 1 969  th ere  was 
n o t a single m ajor lode m ine in o p e ra tio n  in 
Alaska. Coal p ro d u c tio n  has d ec lined , and p ro ­
duc tion  o f industria l m inerals co n tin u es  to  be 
relatively  m inor. T hus, on  the basis o f  the value o f 
m inerals o th er than  pe tro leum  p ro d u c ts , A laska 
m ust be ranked  very low in the  list of m ineral- 
p roducing  States.
Do these g loom y facts m ean th a t a fte r  a 
spectacu lar beginning and a few b rie f  decades of 
relative p rosperity  A laska’s m eta llic  m ineral re­
sources have becom e exhausted? Is its m etal 
m ining in d u stry  on its  last legs? Perhaps, b u t I, for 
one , do n o t believe it. T o  the  c o n tra ry , I th in k  it is 
possible th a t m etal m ining in the  S ta te  m ay be on 
th e  verge o f a period o f  great expansion . Alaska is 
w idely recognized geologically as a likely place to  
search fo r m ineral deposits. M ajor geologic and 
physiographic belts can  be traced  n o rth w ard  from  
th e  con term inous U n ited  S tates th ro u g h  w estern  
Canada and w estw ard  in to  A laska. These belts 
con ta in  im p o rta n t m ineral deposits in  the w estern  
U nited  S tates and C anada and m ay  well enclose 
equally  im p o rtan t deposits  in A laska. In  Alaska we 
d o n ’t know  as m uch  abou t the  geologic details 
w ith in  these belts  as we would like. Only a b o u t 1 
percent o f  Alaska has been  m apped geologically in 
detail, 40  percen t has been m apped  at a scale o f 
1 :250 ,000 , 60 percen t has no t been  m apped at all
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or has been m apped  on ly  in th e  roughest reco n ­
naissance. N evertheless, we do know  enough  to  
s ta te  w ith  som e confidence th a t  th e re  are in 
A laska large relatively  u n ex p lo red  areas w here the 
geology is favorable for th e  discovery o f  im p o rta n t 
m ineral deposits. (See figure 1)
If th is  is tru e , w hy has n o t A laska’s m ineral 
p o ten tia l been m ore th o ro u g h ly  utilized? The 
t ru th  is th a t ex p lo ra tio n  and developm en t of 
A laska’s m etallic  and non-m etallic  m ineral re­
sources have been  re ta rded  by  m any  factors. 
A m ong these  are inaccessib ility ; high tra n sp o rta ­
tio n  costs; the  ex trem e ruggedness o f m uch  o f  the  
te rra in ; severe clim atic  co n d itio n s ; th e  large areas 
th a t are covered by  gravel, m uskeg, or ice; and the 
scarcity  and  high cost o f  labor. All o f  these have 
com bined  to  m ake m ineral e x p lo ra tio n  in Alaska 
d ifficu lt and costly . B ringing a prospect in to  
p ro d u c tio n  once it is fo u n d  is also expensive. 
C onsequen tly , th e  search fo r  m inerals has not been 
pursued  as vigorously in A laska as it has elsew here. 
W ith som e excep tions, th e  m ining in d u stry  has 
preferred  to  d irec t its search  fo r new deposits  to  
o th e r  areas, including m any foreign coun tries, 
w here con d itio n s  are less rigorous th an  in Alaska.
This s itu a tio n  is changing. I feel con fiden t 
th a t  im p o rtan t new  deposits  w ill co n tin u e  to  be 
fo u n d  in the  “ L ow er F o rty -E ig h t” fo r a long tim e 
to  com e. N evertheless, few  geologist w ill question  
the  s ta tem en t th a t m ost o f the  undiscovered  
deposits in the  co n term inous U n ited  S tates are 
well h idden . T hey  are going to  be d ifficu lt and 
expensive to  find , and m any  o f  th em  are going to  
be o f  low er grade th an  we have been accustom ed  
to  mine in the  past. T hus, th ere  is now  m ore 
incentive to  look  to  A laska as a source o f  our 
m inerals.
A dded to  th is  is the  fac t th a t  w ith  increasing 
nationalism  th ro u g h o u t m any areas o f  the  w orld  
the  friendlier and  m ore stab le  po litica l c lim ate of 
A laska is a pow erfu l in d u cem en t to  lo o k  to  the 
N o rth  fo r m ining investm ent.
An ad d itio n a l favorable fac to r  is th e  increas­
ing Japanese dem and  fo r m inerals. A ccord ing  to  
the  Sep tem ber 1969 issue o f  Engineering and 
M ining Jo u rn a l, th e  Japanese m arke t fo r B ritish  
C olum bia m inerals is a b o u t $150  m illion  a year 
and  is expected  to  expand  to  $550  m illion a year. 
M ineral deposits  in  A laska are geographically  in  a 
good  position  to  share in  th is m arke t. F inally , if 
th e  pipeline to  bring oil fro m  th e  A rc tic  Slope to 
V aldez is bu ilt, it will o p e n  up  c o u n try  th a t  has 
been  d ifficu ltly  accessible.
For these reasons, A laska is beginning to  look  
m ore and m ore a ttrac tive  as a field fo r m ineral 
discovery. The availability  o f m odern  geophysical 
and  geochem ical ex p lo ra tio n  tech n iq u es  and the 
w idespread  use o f  he licop te r su p p o rt in  d ifficu lt
terra in  have increased im m ensely  th e  effectiveness 
o f  exp lo ra tion . U nder these c ircum stances and 
w ith  th e  ever-increasing dem and  fo r m inerals by a 
m etal-hungry  w orld , p rospects  in  A laska th a t  were 
o f  little  in te rest on ly  a few years  ago now  appear 
m ore an d  m ore a ttrac tive .
F u rth e r  s tim u la tion  o f in te res t in m in e ra l . 
ex p lo ra tio n  in  Alaska has beert c rea ted  by  im p o r­
ta n t m ineral discoveries in n o rth e rn  B ritish C olum ­
bia and  in Y ukon  T errito ry . A t least 43 m ines are 
in  p ro d u ctio n  in B ritish  C o lum bia  and Y ukon  
T e rrito ry , several m ore are in  th e  developm ent 
stage, and  th ere  are num erous active p rospects. 
T he rap id  developm en t o f th e  m ineral in d u stry  in 
th is  p a rt  of w estern  C anada show s th a t  ex p lo ra tio n  
and  m ining can be do n e  successfully  in areas as 
rem o te  and u n d er c lim atic  c o n d itio n s  as severe as 
in  A laska. I t seem s p e rtin en t to  review b rie fly  
som e o f  the m ore significant developm en ts th a t 
have ta k e n  p lace in w estern  C anada in  the  last few 
years.
In recen t years, m ineral p ro d u c tio n  in  B ritish 
C olum bia has grow n stead ily , rising from  a to ta l  o f 
$186 .3  m illion in 1960 to  $422 .8  m illion in  1969. 
(F igure  2) In  constrast to  A laska, m uch o f  the 
increase has been in  the  p ro d u c tio n  o f m etals, 
w hich rose fro m  $131 .7  m illion to  $247 .7  m illion 
in  the sam e period , an increase o f 116 .0  m illion  or 
190 percen t. M ost o f  th is can be a ttr ib u te d  to  the  
discovery o f im p o rta n t co p p er o r m olybdenum  
m ines a t H ighland V alley, E nd ak o , and  elsew here.
M ineral p ro d u c tio n  in Y u k o n  T e rrito ry  show s 
the  sam e upw ard  tre n d , th o u g h  on a sm aller scale. 
O u tp u t has increased alm ost 300  pe rcen t from  
$13.2  m illion in 1960 to  $37 .7  m illion in  1969 
(F igure  3). Seven m ines are in  p ro d u c tio n  in  the  
T e rrito ry . P robab ly  th e  tw o  m ost im p o rta n t are 
C yprus M ines’ Anvil p ro p erty  near R oss R iver and 
Cassiar A sbestos C om pany’s C lin to n  Creek m ine. 
The A nvil m ine began p ro d u c tio n  in  the  fall o f 
1970. W hen opera ting  at fu ll capac ity  it will ship 
1000 tons o f  co n cen tra te  a day  to  Skagw ay. 
Cassiars’ C lin ton  C reek p ro p e rty  began p ro d u c tio n  
in  1967. By th e  end o f 1968 it had p roduced
60 ,0 0 0  tons o f  fiber, and plans w ere underw ay  to  
boost its  capacity  to  80 ,000  to n s  per year. The 
m ine is only 7 miles from  th e  A laskan  b o u n d ary .
These developm ents have s tim u la ted  a wave o f 
p rospecting  and  ex p lo ra tio n  in  W estern C anada. 
The B ritish  C olum bia C ham ber o f  M ines estim ates 
th a t  during  th e  n ex t 5 years th e  m ining in d u stry  
will spend  $670  m illion on  ex p lo ra tio n  an d  de­
velopm en t in B ritish  C olum bia and Y ukon  T erri­
to ry . O f this, $175 m illion, o r  $35 m illion a year 
will be spent on  ex p lo ra tio n ; th e  rem ainder will be 
spent bringing in to  p ro d u c tio n  p ro p ertie s  th a t 
have already  been discovered.
T he  pace o f ex p lo ra tio n  has likew ise quick-
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F igure  1. M ajor p h y sio g rap h ic  d iv isions in  A laska.
F igure  2. V alue o f  m ineral p ro d u c tio n  in  B ritish  C olum bia, 1 960 -69
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ened on th e  A laskan side of th e  In te rn a tio n a l 
B oundary . T he Alaska S ta te  Division o r Mines and  
G eology s ta ted  th a t  in 1969 a t least 13 m ajor 
m ining com panies were actively exploring in 
A laska, the  greatest n u m b er in m any years. T he 
Division estim ated  th a t expend itu res  for solid 
m inerals exp lo ra tion  am oun ted  to  as m uch  as $6 
m illion and are expected  to  increase. This is an 
encouraging increase over prev ious years b u t it still 
is a long way from  m atching  expend itu res in 
w estern  Canada.
In  th is connection , a s ta te m e n t m ade by Paul 
C. H enshaw , then  V ice-President o f  E x p lo ra tio n , 
H om estake Mining C om pany , seem s pertinen t. In  a 
paper delivered in O c to b er 1969 at the  A m erican 
M ining Congress in San F rancisco , he estim ated  
th a t exp lo ra tion  costs in B ritish Colum bia and 
Y ukon  T errito ry  w ere at th e  rate o f  $20 m illion to  
$30 m illion a year and th a t ,  on th e  average, tw o  
m ajor deposits were being discovered a year. T hus, 
in w estern  Canada it co sts  betw een  $10  m illion 
and $15 m illion to. d iscover a m ajor deposit. Mine 
exp lo ra tion  in Alaska has not y e t reached th is 
level, bu t w ith  the  sim ilarity  o f  geologic and  
c lim atic  cond itions there  is no reason  to  believe 
th a t ex p lo ra tio n  in Alaska will be  any less costly  
th an  it is in w estern C anada — o r any less 
rew arding. Given tim e and a con tinued  ex p lo ra tio n  
e ffo rt it seem s certain  th a t  m inable deposits  will 
be fo und  in Alaska, as th e y  have in C anada. T he 
fu tu re , therefo re , seem s hopefu l.
W hat will A laska’s m ining in d u stry  look like 
in the  next 10 to  20 years? What m inerals will be
m ined and  where will th ey  com e from ? Our crysta l 
ball is c loudy  on details, bu t I th in k  th a t  we know  
enough so th a t we can m ake som e in telligent 
guesses. L e t’s briefly  review w hat we know  of 
some o f the com m odities th a t  Alaska m ight 
produce and  see w hat we can com e up with.
A laska’s fu tu re  m ineral p ro d u c tio n  m ust com e 
largely fro m  deposits th a t have yet to  be found . 
But changing technologies m ay perm it bringing 
in to  p ro d u c tio n  resources th a t are already know n 
b u t could  no t be exp lo ited  econom ically  in the 
past. T he high titan iu m  iron ores o f  sou theast 
Alaska provide an instructive exam ple. Im m ense 
deposits o f  low-grade titan ife ro u s  m agnetite  have 
long been know n at Port S ne ttisham , K lukw an, 
and elsew here. The K lukw an deposits  alone are 
estim ated  to  con ta in  several b illion  to n s  averaging 
15 to 20 percen t iron and  4 p e rcen t titan ia . B oth  
the  Port Snettisham  and the  K lukw an  deposits are 
located near tidew ater; th ey  could be m ined 
cheaply an d  the ore upgraded by  m agnetic m e th ­
ods but th e ir  high titan iu m  co n te n t has made them  
u nattrac tive  to  m ost users. H ow ever, a segm ent of 
the Japanese iron and steel industry  is equ ipped  to 
treat_ high titan iu m  ores — and  actually  desires 
them . In N ovem ber 1969 the  Engineering and 
Mining Jo u rn a l repo rted  th a t discussions have 
taken  place betw een th e  M arcona C om pany and 
Japanese steel m akers w ith  a view  to  bringing the 
Port S ne ttisham  deposit in to  p ro d u c tio n . D evelop­
m ent hinges on the  n ego tia tion  o f a sa tisfac to ry  
sales agreem ent. Should  these nego tia tions be 
successful, E&MJ reports  th a t p ro d u c tio n  w ould
Figure 3. Value of m ineral p ro d u c tio n  in  Y ukon  T errito ry , 1960-69.
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be a t th e  ra te  o f  30  m illion to n s  o f c ru d e  ore per 
annum . The A laska Division o f  M ines a n d  G eology 
rep o rts  th a t th e  U.S. S tee l C o m p an y , w hich 
already  has large holdings in  th e  K lukw an  area has 
n eg o tia ted  a lease fo r a d d itio n a l acreage on  the  
K lukw an Ind ian  R eservation . I t seem s possible 
th a t o n e  or b o th  o f  these d e p o s its  m ay be  b ro u g h t 
in to  p ro d u c tio n  in  th e  n o t-to o -d is ta n t fu tu re .
In  the  long ru n , the best o p p o r tu n itie s  fo r  th e  
revival o f A laska’s solid m inerals  in d u s try  appear 
to  be in the  discovery  an d  d ev e lo p m en t o f its 
co p p er resources. C opper d e p o s its  o f  several types 
are ab u n d an t in  Alaska and  th e  possib ilities of 
find ing  and develop ing  th e m  seem  excellen t. Ken- 
n e c o tt’s R uby C reek  deposit in B rooks R ange is an 
exam ple. The d e p o s it, w h ich  consists o f  chalcocite  
and b o rn ite  in a d o lo m itic  reef b recc ia , has all the  
appearances o f be ing  capable o f  p ro d u c tio n , b u t is 
aw aiting  tra n sp o rta tio n  fac ilities  and th e  so lu tion  
o f som e m ining problem s.
A ll o f th e  S ta te ’s fo rm e r copper-p roducing  
d istric ts  are being  re-exam ined  and  re-evaluated  by 
the  ex p lo ra tio n  com panies. These include  the 
N izina d istric t —th e  locale o f  th e  fam ed K en n eco tt 
m ine, the  Prince W illiam S o u n d  area—th e  site of 
the  L a touche  an d  E llam ar m ines, and  the mag- 
n e tite -ch a lco p y rite  skarn deposits  o f  Prince o f 
Wales Island. T he  S um dum  p ro sp e c t, 50 miles 
so u th  o f  Ju n eau , is being drilled  by H um ble  Oil. 
Also receiving a tte n tio n  are th e  copper-n ickel 
deposits  associa ted  w ith  m afic  o r  u ltram afic  rocks 
in th e  n o rth e rn  p a rt o f so u th e a s te rn  A laska. These 
deposits  have never been successfu lly  w ork ed , b u t 
e x p lo ra tio n  com pan ies  are tak in g  a n o th e r  look.
D eposits in  G lacier B ay N a tiona l M onum en t, 
on Y acobi Island , and on  C hichagof Island w ere 
investigated  in th e  sum m er o f  1969. N um erous 
bod ies of m afic an d  u ltram afic  rocks w ith  w h ich  
th is  ty p e  o f d e p o s it is ty p ic a lly  assoc ia ted  are 
k n o w n  in A laska. Few have been  th o ro u g h ly  
p ro spec ted . It is h ighly  p ro b ab le  th a t o th e r  o ccu r­
rences o f these ro ck s  m ay be fo u n d  in geologically  
u n m ap p ed  p a rts  o f A laska. C opper-n ickel ore 
cou ld  be associa ted  w ith  som e o f  them .
T he biggest ex p lo ra tio n  e ffo rt in A laska, 
how ever, is c o n c e n tra te d  on  th e  search  fo r so- 
called  p o rp h y ry -co p p er d ep o sits . T he successful 
deve lopm en t o f  im p o r ta n t p o rp h y ry -c o p p e r de­
posits  in B ritish  C o lum bia  has a roused  great 
in te re s t in ex p lo rin g  the  p ro b ab le  n o r th e rn  con ­
tin u a tio n  in A laska o f th e  B ritish  C o lum bia  po r­
phy ry -co p p er tre n d .
T he best k n o w n  o f  th e  A laskan  p o rphy ry - 
co p p e r p rospec ts  are the  O range Hill and Bond 
C reek  p ro p ertie s  near th e  head  o f th e  N abesna 
River. B o th  are know n to  c o n ta in  very large 
tonnages o f copper-bearing  ro ck . T h e  grade is 
p ro b ab ly  to o  low  to  m ine  u n d e r p resen t con ­
d itions, a lth o u g h  it com pares fav o rab ly  w ith  th a t 
being m ined  at the  B renda d e p o s it in B ritish  
C o lum bia . I t  is re p o r te d  th a t  tw o  w ell-know n 
m ining com pan ies are p lann ing  a d d itio n a l drilling  
a t O range Hill. I t is also r e p o r te d  th a t several 
com pan ies have com bined  in a jo in t  ven tu re  to  
drill a p rom ising  p o rp h y ry -c o p p e r  p ro spec t at 
H orsfeld  on th e  n o rth e a s t flank  o f  the  W rangell 
M ountains.
T here  are n u m ero u s  o th e r  p laces in A laska 
w here g ran itic  in trusive rocks are k n o w n  and 
w here p o rp h y ry -ty p e  deposits  are like ly  to  occur. 
T he A laska R ange is a p rom ising  place and  is 
receiving m uch  a tte n tio n  by  e x p lo ra tio n  com ­
panies. P o rp h y ry -co p p e r-ty p e  d e p o s its  m ay also be 
fo u n d  in  th e  rugged and little  e x p lo re d  C oast 
Range. Large areas o f  p robab le  g ran itic  te rran e  in 
th e  W rangell M oun ta in s have b een  little  p ro ­
spected . O th e r p o te n tia l areas are in  th e  T a lk ee tn a  
M ountains, th e  easte rn  part o f th e  C hugach  R ange, 
and possib ly  a few  in  th e  Y uko n -T an an a  U pland . 
D eposits in these  areas m ay well be o f  h igher grade 
th an  the  O range H ill deposit. I t  seem s very 
p ro b ab le  th a t pe rs is tan t ex p lo ra tio n  e ffo rts  will be 
rew arded  w ith  the  d iscovery  o f  m inab le  p o rp h y ry -  
copper deposits  in A laska.
T he  p o rp h y ry - ty p e  deposits  m ay  c o n ta in  ap ­
preciab le  m o ly b d en u m  as a c o p ro d u c t;  in som e o f  
th em , m o ly b d en u m  m ay  be th e  m ost valuable  
c o n s titu e n t. O ccu rrences  o f  m o ly b d e n u m  are  dis­
tr ib u te d  p ro fusely  in so u th e a s te rn  A laska b u t  are 
also k n o w n  in  the  A laska R ange and in th e  
W rangell M ountains. T he  deposit th a t  p ro b ab ly  has 
a ttra c te d  th e  m ost a tte n tio n  is the N u n a tak  
deposit near M uir In le t in G lac ie r Bay N a tio n a l 
M onum ent. T he m o ly b d en u m  c o n te n t is low  b u t 
th e  deposit co n ta in s  m any  ten s  o f  m illions o f  to n s  
o f  m o ly b d en u m -b earin g  rock . It h a s  been investi­
gated  o n  several occasions by  d iffe re n t m ining 
com panies. T esting  b y  deep d iam o n d  drilling  has 
been  do n e  du ring  th e  past th ree  o r  fo u r  years , b u t 
the  resu lts  have n o t b e e n  an n o u n c ed .
W ith  one e x c e p tio n , A laska’s sm all p ro d u c tio n  
o f  lead and  z inc  has b e e n  derived as a b y -p ro d u c t 
from  m ining  o f o th e r  m etals. A n u m b er o f  th e  
k n o w n  deposits  c o n ta in  rock  o f  possib le  o re  grade, 
b u t es tab lished  to n n ag es are re la tiv e ly  sm all. H ow ­
ever, som e o f  the  larger ones m ay  o ffe r som e 
prom ise. M uch of th e  area a d ja c e n t to  th e  coast 
Range b a th o lith  in so u th e a s te rn  A laska p rov ides a 
favorable  en v iro n m en t fo r lead a n d  zinc deposits . 
A ssum ing a c o n tin u in g  fu tu re  d e m an d  fo r zinc, it 
is n o t im probab le  th a t  m inable deposits  o f  zinc 
and  lead  will be d iscovered  in A laska.
A laska’s en tire  p ro d u c tio n  o f  u ran ium  has 
com e fro m  th e  R oss-A dam s d e p o s it on P rince  o f 
Wales Island . N um erous o th e r  rad ioactive  oc­
currences are k n o w n  in  Alaska. N ow  th a t a m arke t
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for uran ium  is again developing, add itional dis­
coveries seem  probable.
During the G overnm ent-sponsored  m ercury  
program  o f the  1950’s, A laska was a substan tia l 
m ercury  p roducer, m ostly  from  the Red Devil 
m ine in the  K uskokw im  area. The R ed Devil is 
repo rted  to  have been reopened  by  Japanese 
in terests, the  C innabar C reek and  W hite M ountain  
deposits are w orking, and prospecting  is said to  be 
active in the  K uskokw im  area.
Practically  all of the  sm all U nited  S ta tes 
p roduction  o f tin  has com e from  the  placer and 
lode mines on  the Seward Peninsula. How ever, th e  
know n deposits are sm all, and grade is low 
considering the rem ote location . Som e recen t 
prospecting is reported  b u t the  area m ust be 
considered a m arginal p ro d u cer of tin . M ore 
prom ising are the  chrysobery l deposits o f the  
Seward Peninsula. These were first recognized  a 
few years ago by Sainsbury o f th e  U.S. Geological 
Survey and were the subject o f  a lively staking 
rush. There has beien no  a tte m p t at p ro d u ctio n  
pending a brisker dem and for bery llium  and the  
so lu tion  o f m etallurgical problem s, b u t the de­
posits co n stitu te  a valuable resource for the  fu tu re . 
F luorite  associated  w ith the  deposits  m ay also be 
recoverable.
Gold resources of A laska are very large, 
particularly  placer resources. It is es tim ated  th a t as 
m uch placer gold rem ains as has been  m ined. 
E xcept fo r the  Hog River p lacer and a few o th e r 
small p roperties, no gold m ines are p resen tly  in 
opera tion . No significant revival o f gold m ining 
can be an tic ipa ted  unless there  is a substan tia l 
increase in th e  price o f gold.
Alaska in the  past has p roduced  small 
am ounts o f an tim ony , ch ro m ite , p latinum , tu n g ­
sten , and som e o th e r  m etals. G oodnew s Bay is the  
m ajor U.S. p roducer of p rim ary  p latinum . T im e 
does not perm it me to  discuss these deposits. 
P roduction  o f these com m odities  is likely to  
rem ain small.
In the  nonm etallic  field, som e in teresting  
developm ents are possible. A laska is well supplied 
w ith  deposits o f lim estone, m any of them  co n ­
venient to  tidew ater. W ith the  increasing indus­
tria lization  o f the  S tate, th e  tim e  m ay com e w hen 
a cem ent p lant will be built.
A sbestos m inerals have been  found  in w idely 
scattered  localities in A laska b u t un til recen tly  
none appeared to  offer m uch prom ise. A recen t 
discovery o f cross-fiber ch ryso tile  asbestos resulted  
from  U.S. G eological Survey m apping in  1968 in 
the Eagle C-4 quadrangle. It may be of real 
in terest. The deposit is abou t 55 miles west- 
northw est o f Cassiar A sbestos C o rp o ra tio n ’s p ro ­
perty  at C lin ton  Creek, Y ukon  T errito ry . T he 
po ten tia l o f the occurrence  is n o t know n . Cassiar
A sbestos is repo rted  to  have reached  an  agreem ent 
w ith  the  prospectors w ho staked  th e  occurrence. 
H ow ever, under Public Law 4582 , th e  land has 
been w ithd raw n  from  location  fo r nonm etallic  
m inerals un til January  1, 1971. U ntil title  to  the 
p ro p erty  can be established, no th in g  can be done.
Alaska has large reserves o f coal and  has 
p roduced  a substan tia l am oun t, m ost o f it from  
M atanuska and N enana fields. In  1967, p roduction  
reached a peak o f 940 ,0 0 0  to n s  valued at $7.3 
m illion. Coal, how ever, faces severe com petition  
from  oil and gas. Tending to  o ffset this is the 
possib ility  of build ing large th erm al pow er p lants 
close to  the coal m ines and d istribu ting  pow er 
th ro u g h  transm ission lines. If  these developm ents 
should  m aterialize, the  fu tu re  o f the  coal industry  
will be m ore favorable.
In view o f  developm ents in th e  oil fields, 
co nstruc tion  activ ity  in  Alaska shou ld  increase, 
and  an increased dem and for sand an d  gravel can 
be expected . A laskan pe tro leu m  activ ity  likewise 
has created  a local m arket fo r b arite  for use as 
drilling m ud. The Castle Island b arite  deposit is 
cu rren tly  in p ro d u ctio n . Increased activ ity  in 
barite  prospecting  is likely fo r these and sim ilar 
m aterials that will be used locally.
SUMMARY
To sum m arize, I believe th a t if m ineral ex­
p lo ra tion  in A laska is pushed vigorously, im p o r­
ta n t  discoveries will follow . T he greatest po ten tia l 
seem s to  be w ith  respect to  copper. I believe th a t 
som e very significant discoveries will be m ade in 
th e  ex tension  in to  Alaska o f the  copper belt now 
partly  defined in British Colum bia. If  so, Alaska 
will take its place w ith in  the n ex t 10 to  20 years as 
an im portan t p roducer o f  this m etal. M olybdenum  
also seem s to  have a good  po ten tia l fo r p roduction  
in  view o f  its close association w ith  th e  po rphy ry  
coppers. The n ex t few  years m ay also see the 
titan iferous m agnetite  deposits of sou theaste rn  
Alaska com e in to  p roduction . D iscovery o f lead- 
zinc deposits is also a d istinct possib ility . U nder 
existing circum stances the  fu tu re  o f gold m ining 
looks dim . In the nonm eta llic  field , im p o rtan t 
discoveries of asbestos are possible, and  the estab ­
lishm ent of a cem ent industry  is possible. Coal 
faces an uncertain  fu tu re  because o f  increasing 
co m p etitio n  from  petro leum  p ro d u cts , b u t this 
m ay be offset by the  construc tion  o f  p it-m ou th  
pow er plants. P roduction  o f sand and gravel, 
barite , and  o th e r  com m odities used in  connection  
w ith  the  petro leum  industry  should  increase. None 
o f  these developm ents will tak e  p lace easily or 
overnight. Many n a tu ra l difficulties m ust be over­
com e, and  mining com panies will have to  conduct 
th e ir  opera tions in such  a way th a t th ey  will do 
m inim um  damage to  the  env ironm en t. Develop­
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m e n t o f A laska’s m ineral in d u s try  w ill also be 
a ffec ted  by  w orldw ide  eco n o m ic  even ts  w hich  
n e ith e r  A laska no r th e  m ineral in d u stry  can
c o n tro l. In  m y o p in io n , in  tim e these  d ifficu ltie s  
w ill be overcom e. A laska’s m ineral resou rces are 
to o  valuable n o t  to  be u tilized .
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The Environmental Cha llenges of 
A la sk a n  M inera l Developm ent
Dr. E arl T. H ayes
C hief Scien tist, U .S. B ureau o f  M ines
ABSTRACT
To meet the challenges and to develop Alaska as a source of mineral and fuel resources that are essential to all of 
us, we must conduct the research and planning necessary to see that the environment is not abused. We cannot allow 
ourselves the luxury of thinking that we alone know what is best for Alaska. We must strive for cooperation — 
cooperation between government and industry; between Federal and State governments; between the doer and the 
dreamer; and between the engineer and the ecologist. Remember, the quality of what we do today will determine the 
quality of Alaska in the future — and the future is as near as tomorrow.
D evelopm ent o f A laska’s m ineral and m ineral 
fuel resources poses a m o n u m en ta l challenge to  
m an’s ingenuity . F o r A laska, seen th ro u g h  the eyes 
of a genera tion  th a t has becom e acu te ly  “ env iron­
m ent-conscious,”  is a land  b o th  fo rb idd ing  and  
fragile.
A nyone who has read the  p o e try  o f  R o b ert 
Service u n d ers tan d s  the  fru s tra tio n s  experienced  
by th e  th o u san d s o f p ro sp ec to rs  an d  m iners w ho  
“ m oiled fo r  gold”  in A laska’s frozen  wastes. A nd  
theirs were not th e  on ly  hardsh ips to  be experi­
enced in a land w hose size and geographic  loca tion  
com bine to  give it th ree  d istin c t c lim ate  zones: 
Pacific, C o n tin en ta l, and  A rctic. S o u th ern  an d  
so u th easte rn  Alaska has the  w et Pacific clim ate 
w ith  up to  150 inches of rain  a year. T he  
C on tin en ta l clim ate in the  In te r io r  is co lder an d  
rainfall on ly  m easures a b o u t 32 inches m axim um . 
The A rctic  c lim ate, fro m  the  B rooks R ange n o r th  
is very co ld  and rainfalls are m any  tim es less th an  
fou r inches a year.
This is A laska—the  Alaska we know  to d a y — 
the scene o f  one  o f th e  g rea test gold rushes in 
h isto ry  in 1898 and  th e  scene o f  one o f the  
greatest o il finds in th e  w orld in 1968 at P rudhoe 
Bay on th e  n o r th  slope o f th e  B rooks Range. 
A laska’s heritage has evolved fro m  m inerals, m an ’s 
search fo r these m inerals, and th e  d ifficu lties th a t  
arise from  a severe and  un re len tin g  env ironm en t. 
In the past the  env ironm en ta l challenges to  the  
developm en t o f  A laskan n a tu ra l resources have 
been  sum m ed up  as “ Man A gainst N a tu re .” T hose 
w ho w ould  claim  A laska’s m ineral w ea lth  w ould  
have to  a tta ck  n a tu re  head  on. Som etim es th ey  
w on ; som etim es th ey  lost. A nd , w hen th ey  w on, 
som etim es A laska lost.
A new  d im ension , how ever, has recen tly  been 
added  to  this env ironm en ta l challenge. As a 
na tio n , w e no longer are concerned  only w ith  
overpow ering  th e  physical env ironm en t in the  
quest fo r the m ateria ls th a t can satisfy our 
expand ing  m ineral needs. T o d ay , we are concerned
a b o u t th e  env ironm en t itself. In  the  past tw o  years 
we have seen m uch  ev idence o f th is concern . 
P resident N ixon has estab lished  a C ouncil o n  th e  
E nv ironm en t; T he  Congress has passed th e  E n­
v iro n m en ta l Q uality  A ct o f 1969; and o n  A pril 
22nd  o f th is  y ea r o f  1970— on E a rth  D ay —the  
public , itse lf, exp ressed  its co n cern  and sense o f  
urgency over th e  co n d itio n  o f o u r env ironm en t.
This sense o f  u rgency  governs o u r  app roach  to  
m ineral deve lopm en t in A laska. A laska is still 
largely u n to u c h e d  and  before  we com m it ourselves 
to  a p a th  o f h ap h azard  e x p lo ita tio n , before  con­
d itions are  c rea ted  th a t  can tip  th e  balance o f 
na tu re , w e m ust learn  to  u n d e rs tan d  as th o ro u g h ly  
as possible an en v iro n m en t w h ich  we k now  on ly  
casually. I hope th a t th is  m eeting  will help all o f  us 
tow ard  such  an unders tand ing . Such  know ledge is 
im perative if we are to  develop A laska’s vast 
m ineral resource  p o ten tia l w ith o u t seriously  dam ­
aging its  fragile env ironm en t.
T ake the d iscovery  o f oil at P rudhoe  B ay—it 
provides challenge un like  any  faced  in th e  past. 
T he oil resources m ust n o t on ly  be developed  
under severe clim atic  cond itions but m ust be 
tra n sp o rte d  to  m ark e ts  u n d er c ircum stances w hich 
do  no t defile th e  a rc tic  env ironm en t. T he  arc tic  
land  surface, pa rticu la rly  th e  tu n d ra , has a very 
lim ited  capac ity  to  recover from  env ironm en ta l 
dam age, and th is  will n o t m end from  any u n ­
p lanned  developm en t. T racked  vehicles leave scars 
on  the  tu n d ra  th a t degenerate  in to  m eandering  
w ater courses. C o n stru c tio n  p ro jec ts , such  as large 
pipelines, if im p ro p e rly  p lanned  and  co n stru c ted , 
can d isrup t co m p le te ly  th e  m ig ra to ry  cycle o f 
m ajor an im al pop u la tio n s , such  as th a t o f the  
caribou . T he u n c o n tro lle d  tak in g  o f  gravel, a lready  
a scarce co m m o d ity  in th e  A rc tic , from  stream - 
beds fo r  road  c o n s tru c tio n , a irs trip s, cam ps, p ipe­
lines, and  . o th e r  facilities can d es tro y  th e  
spaw ning beds fo r salm on  and  char w hich provide 
im p o rta n t fo o d  supplies fo r native A laskans. It can 
also lead  to  s ilta tio n  and  stream  po llu tio n .
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Because th e  frigid c lim ate  and  a tte n d a n t ice 
fog  res tric t air travel and th e  eco n o m ics  o f  oil 
tra n sp o rta tio n  will requ ire  th e  use o f  su rface  o r 
m arine tra n sp o rta tio n , such  facilities m u st be 
p lanned  w ith care. D u e  to  th e  fragile ch a rac te r o f 
th e  te rra in , roadw ay  lo ca tio n s  and  p ipeline rights 
o f  w ay m ust ca re fu lly  be d e te rm in ed  a n d  th e ir 
n um bers  lim ited  to  those th a t are ab so lu te ly  
essential. In d u stry  h as  an o p p o r tu n ity  to  develop 
th e  c rude  oil resou rces  so v ita l to  o u r eco n o m y . 
In d u stry  also has th e  o p p o r tu n ity , w ith  p ro p er 
o p e ra tio n a l p lanning , to  preserve th e  w ild b e a u ty  
o f  A laska fo r all o f us. T he w ildlife, vege ta tion , 
and  scenery  o f  the A rc tic  a re —like its m inera ls— 
resources th a t are irrep laceab le . T h e  F ed e ra l G ov­
e rn m e n t has an  ob liga tion , as ow ner and tru s te e  o f  
pub lic  lands, to  in sist th a t  m axim um  possible 
p ro te c tio n  is given t o  en v ironm en ta l values. T he 
com panies w ho o b ta in  from  th e  pub lic  do m ain  th e  
raw  m aterials req u ired  to  serve th e  pub lic  need 
m ust and  will p rov ide m ethods fo r ex tra c tin g  th e  
m ineral resources o f A laska in  w ays th a t serve th e  
pub lic  in terest.
T he new criteria  under w hich  in d u stry  m ust 
o p era te  have little  p rec e d e n t, since o p era tio n s  in 
th e  A rctic  e n v iro n m en t have been lim ited . B oth  
in d u stry  and govern m en t have ex p an d ed  research  
on  the  A laskan eco logy  and on  p roposed  m eth o d s  
o f  o p era tio n  to  p rov ide  needed  d a ta  concern ing  
th e  problem s th a t c a n  be an tic ip a ted . T h e y  are 
seeking, for exam p le , m ethods to  m inim ize the  
env ironm en ta l d istu rbance  o f  tra n sp o rta tio n  sys­
tem s, ways to  p reven t, d e te c t, an d  co n ta in  oil 
p o llu tio n , m ethods f o r  disposing o f  b o th  so lid  and  
flu id  wastes, and  m e th o d s  fo r qu ick ly  resto ring  
dam aged vegetation . F ish  a n d  w ildlife p ro te c tio n  
and  env ironm en ta l p ro te c tio n  can be achieved by 
a p p ro p ria te  o p e ra tin g  standards an d  by th e  appli­
ca tion  o f a p p ro p ria te  regu la tions. S o lu tions to  
tra n sp o rta tio n  p rob lem s are the k ey  to  th e  de­
ve lopm en t o f  the m inera l w ea lth  o f th e  A rctic  
area. T housands o f to n s  o f  m ateria ls  and  supplies 
m ust be m oved in to  the N o rth  Slope area to  
su p p o rt drilling and p ro d u c in g  opera tions, build ing  
o f  a pipeline req u ires  the use o f roads. H undreds 
o f  m iles and m illions of dollars of p ip e , con ­
s tru c tio n  eq u ip m en t, and m ateria ls  and supplies 
fo r th e  men bu ild ing  the  line  m ust be m oved in to  
areas w here ro ad  n e tw o rk s  are  now  in adequate .
T he o p e ra tio n a l date o f  a 48 -inch -d iam eter 
p iep line ex tend ing  from  P ru d h o e  Bay, on  th e  
A rctic  coast o f  the B e a u fo rt Sea to  V aldez, a deep 
w ater po rt ap p ro x im a te ly  8 0 0  m iles to  th e  so u th , 
on  th e  Prince W illiam S ound , has been  de layed  by 
at least tw o years because o f  p rob lem s re la ted  to  
the  laying o f a p ipeline  w ith o u t adversely  affec ting  
perm afrost areas. T h e  cost o f  delays is recognized , 
b u t co n stru c tio n  a u th o riza tio n s  have been  w ith ­
held and will be given o n ly  a f te r  engineering
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designs and  en v ironm en ta l s tud ies  develop  specifi­
ca tio n s  to  assure th a t  th e  p ipeline w ill never 
becom e an env ironm en ta l m istake  o r an u n d u e  risk  
to  th e  ecological balance o f  th e  area.
Corings to  de te rm in e  th e  n a tu re  and  d e p th  o f 
the perm afro st soils have been  m ade a long  th e  
800-m ile p roposed  ro u te  o f  the  line. T h is  is th e  
on ly  w ay th a t  safeguards ean  be designed in to  th e  
system . A p p ro p ria te  designs and  specifica tions fo r 
p ipelines above and  below  ground  have been  
developed . T here  is no  longer a q u e s tio n  o f  
“ if” —th e  q u estio n  is “ h o w ”  th e  p ipeline  will be 
bu ilt. We know  th a t  th e re  will be a su b s tan tia l 
p o r tio n  o f  th e  line above g ro u n d  to  avoid areas o f  
h igh-ice-con ten t p e rm a fro s t, and we know  th a t th e  
p ipeline specifica tions will insure  th a t m ig ra to ry  
p a tte rn s , such  as those  o f  caribou , w ill n o t be 
seriously  d istu rbed . T he p rob lem s are com p lex  and 
expensive to  resolve, b u t it  appears th a t incen tives 
are adeq u ate  and progress to  da te  ind ica tes th a t  
sa tisfac to ry  so lu tions  will be developed  and  th e  
p ro jec t cond u c ted  in a w ay th a t  will prove th a t th e  
en v iro n m en t can be p ro te c te d .
B efore the  open ing  o f th e  n o rth e rn  p o r tio n  o f 
the  K enai N ational M oose R ange on  K enai P en in ­
sula in  so u th eas te rn  A laska, to  o il and gasleasing, 
the  area was essentially  a tru e  w ilderness in every 
sense o f the  w ord. W hen leasing was p ro p o sed , 
w ildlife associations and sp o r tm e n ’s g roups voiced  
s tro n g  concern  fo r th e  m oose and  o th e r  w ild life  in 
the  area. Oil com panies a n d  th e  A laska B ureau  o f 
S p o rt F isheries and  W ildlife agreed th a t  certa in  
p recau tio n s  w ere necessary  to  p ro te c t th e  w ildlife. 
Access roads were m ain ta in ed , bo rrow  pits and  
excavated  areas w ere seeded  and  revegeta ted , and  
seism ic trails were p lan ted  w ith  b irch , w illow , and  
o th e r  brow se favored  by  m oose, and each  well 
com p lex  was seeded  w ith  grasses, clover, and  o th e r  
vegeta tion . B e tte r access resu lted  in increased  
h u n tin g  pressure an d  concern  was th en  raised  th a t  
th e re  w ould  be an overkill. T he reverse was tru e , 
increased  feed  and  easier access to  b row se resu lted  
in a n  increase in  th e  n u m b er o f  m oose ra th e r  th a n
a d ec rease ..... a n o th e r  exam ple  o f  how  en lig h ten ed
d eve lopm en t and wise conserva tion  p rac tices  can 
go hand-in-hand.
I have tried  to  give y o u  som e insigh t in to  a 
few  o f  A laska’s en v iro n m en ta l c o n d itio n s  and  th e  
challenges th ey  p resent. S om e o f  these p rob lem s 
we have solved, a t least in  p a r t ;  w e are o n  th e  verge 
o f  solving o thers ; and  still o th e rs  will rem ain  to  
s tim u la te  and challenge o u r  im ag ina tion  and  in­
g e n u ity  fo r generations.
If  we are to  m eet th e  challenges a n d  if  w e are 
to  develop  Alaska as a sou rce  o f  m ineral and fuel 
resources th a t  are essen ta il to  all o f  us, we m ust 
c o n d u c t th e  research  and p lann ing  necessary  to  see 
th a t  the  env ironm en t is n o t  abused. We can n o t 
a llow  ourselves th e  lu x u ry  o f  th in k in g  th a t we
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alone know  w hat is best fo r Alaska. We m ust strive 
fo r coo p era tio n —coopera tion  betw een  governm ent 
and  industry ; betw een F edera l and S tate  govern­
m ents; betw een the doer and  the dream er; and
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betw een the  engineer and th e  ecologist. Re­
m em ber, th e  qua lity  o f w hat w e do to d ay  will 
determ ine th e  q ua lity  o f A laska in  the fu tu re —and 
the fu tu re  is as near as tom orrow .
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M in era l Potential of Arctic C an ad a
R. G. M cCrossan and R . M. P ro c te r  
G eological Survey  o f  C anada 
C algary , A lberta
ABSTRACT
Canada is on the threshold of a major new phase in the development of its Arctic resources. The Prudhoe Bay 
discovery triggered a boom in northern petroleum exploration that is just getting into high gear this year. Mining 
activity also has greatly expanded in the last few years with some 73 active exploration programs underway and several 
large new mines just coming into production. The size o f these ventures is indicated by ore reserves of two lead-zinc 
mines to the value of 900 million dollars at Pine Point in southern Northwest Territories, and 1.2 billion dollars at the 
Anvil property in the southern Yukon Territory. Other properties with very large reserves are currently under 
development.
Approximately 465,000 sq. miles of the 1.5 million square miles of Canada north of the 60th parallel are 
underlain by sedimentary rocks. A volumetric estimate o f petroleum potential on the basis of rather scanty evidence is 
made at 54 billion barrels. With the current activity in the area it should be possible to improve this estimate 
considerably in the next 2 or 3 years. The two most promising areas are the Arctic Coastal Plains containing large
volumes of young sedimentary rock and large structures, 
hydrocarbon traps. The Interior Plains of the mainland 
Franklinian miogeosyncline indicate lesser potential.
IN TR O D U C TIO N
We w ou ld  first like to  acknow ledge th e  help  
o f  several o f  our colleagues in th e  G eological 
Survey in selecting a few  highlights from  a vast 
am o u n t o f  in fo rm a tio n  available o n  th is sub jec t, 
especially W.W. H eyw ood  fo r the  d a ta  on m etallic  
m inerals.
It w ould  be an u n d e rs ta te m e n t to  say th a t  the  
m ineral p o ten tia l o f  A rctic  C anada is u n tap p e d . 
O bservations on  b o th  p e tro leu m  and m etallic  
m ineral resources w ere m ade by early  exp lorers. 
Indeed  Ind ians m ade use o f  oil f ro m  seeps, w ere 
aware o f  m any  o f  the  larger o re  deposits , and  
Eskim os used  native co p p er deposits  at C opper- 
m ine river in p reh isto ric  tim es.
T he firs t com m ercial e x p lo ita tio n  o f  p e tro ­
leum  was a t N orm an Wells, w h ich  was discovered 
in 1920 b u t no t developed  u n til W orld War II. 
Since the  d iscovery  a t P ru d h o e  B ay there  has been  
an en o rm o u s  increase in p e tro leu m  ex p lo ra tion  in  
n o rth e rn  C anada. P lacer m ining in  the Y u k o n  
T errito ry  o f  course goes back  to  th e  G old  R ush in  
the 1890’s and  th is  led to  the  find ing  o f  lode 
deposits so o n  after. T he rem o teness  o f  the  area 
m ade ex p lo ita tio n  o f  an y th in g  b u t  the p rec ious 
m etals u n a ttrac tiv e  u n til very  recen tly .
T here are som e 13 p ro d u cin g  m ines in th e  
T errito ries as well as 73  active e x p lo ra tio n  an d  
developm ent program s in progress, som e o f  w h ich  
will soon  achieve p ro d u c tio n .
and the Mesozoic Sverdrup Basin also with many potential 
and the Arctic lowlands, as well as the fold belts of the
I will first co m m en t b rie fly  o n  th e  m etallic  
deposits and  th e n  will devo te  som ew hat m ore 
a tte n tio n  to  p e tro leu m , since P ru d h o e  Bay is 
p robab ly  w h y  w e are here .
METALLIC MINERALS
The Y ukon  and N o rth w est T errito rie s  com ­
prise a b o u t 40  p e r cen t o f  th e  land  a rea  o f C anada 
(1 .5  m illion sq. m i.) b u t , a t p resen t these regions 
c o n trib u te  less th a n  5 pe r cen t o f  th e  m eta llic  and 
non-m etallic  m ineral p ro d u c tio n . T h e  small num ­
ber o f  p ro d u cin g  m ines com pared  to  th e  to ta l  area 
suggests a p rom ising  fu tu re  fo r m ineral ex­
p lo ra tion .
Gold w as th e  first m ineral to  be m ined  in  the  
n o r th  and  has been  th e  m ainstay  fo r developm en t 
in th e  T errito ries . D iscoveries have been  m ade in 
m ost g reenstone  belts  and occu rren ces  in  m eta­
sed im ents are o f  considerab le  in te rest.
Large deposits  o f m etam o rp h o sed  iron  fo rm a­
tio n  are assoc ia ted  w ith  A rchean  volvanic rocks on 
E astern  A rctic  Islands. Extensive studies have 
ind ica ted  several b illion  tons  o f  h igh  grade ore. 
C herty  m ag n e tite -h em atite  iron  fo rm a tio n s  are 
p resen t in  P ro te ro zo ic  rocks o f  th e  easte rn  Y ukon  
w here an  es tim a ted  4 0  b illion  to n s  o f o re  are 
p resen t in  one deposit.
C o n cen tra tio n s  o f  lead and  z inc  com m only  
o ccu r in veins in  P ro te rozo ic  and  C am brian  sedi­
m ents o r as s tra tifo rm  rep lacem en t deposits.
N ative co p p e r and  various co p p e r m inerals 
o ccu r w idely  in  th e  C opperm ine  lavas and associ­
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a te d  sedim ents. R ecen t ex p lo ra tio n  has in d ic a te d  a 
possib le  4  m illion to n s  o f  3 p e r  cent co p p e r in  one  
d e p o s it and o n e  m illion  to n s  o f 2.5 p e r  cen t 
c o p p e r  o re  in an o th e r.
C o p p er an d  m o ly b d e n u m  are c o m m o n  as­
so c ia tes  in p o rp h y ry  type  d ep o sits  such  as a 
d e p o s it near W hiteho rse  w ith  m ore  th a n  one  
b illio n  to n s  grading 0 .3 8  per ce n t copper.
Extensive e x p lo ra tio n  p rogram s fo r  th e  above 
m e n tio n e d  m inerals a s  well as u ran iu m , n ickel, 
m o ly b d e n u m , silver, r a re  ea rth s , asbestos, co a l and  
o th e rs  are being ca rried  o u t also a n d  com m erc ia l 
d e p o sits  o f som e of th ese  a lready  are k n o w n  to  
ex ist.
F ro m  w hat we k n o w  no w  it is rea so n ab ly  
ce rta in  th a t  m an y  large  m ines will be fo u n d  like 
th e  P ine Point lead -zinc  d eposit w ith  32 m illion  
to n s  reserves o f  Pb-Zn o re  valued  a t $ 9 0 0 ,0 0 0 ,0 0 0  
a n d  8 ,0 0 0  tons per d a y  p ro d u c tio n  o r th e  Anvil 
P b -Z n  deposit in  the s o u th e rn  Y u k o n  o f  50  m illion  
to n s  valued  at 1.2 b illio n  dollars. G igan tic  reserves 
o f  iron  ore are in d ic a te d  a lready  a n d  o n ly  aw ait 
fav o u rab le  econom ics f o r  e x p lo ita tio n .
PETROLEUM
A ctiv ity
O ne o f th e  c lea re s t in d ica tio n s  o f th e  fav o u r­
ab le  p o ten tia l o f  A rc tic  C anada fo r p e tro le u m  has 
b e e n  given by th e  oil in d u s try  itself. T he lan d  ru sh  
th a t  has developed since th e  P ru d h o e  B ay dis­
covery  is alm ost u n p re c e d e n te d . S u b se q u e n t to  th e  
an n o u n c em e n t o f  th e  d iscovery th e  n u m b e r  o f 
p e rm its  ju m p ed  fro m  a ro u n d  4 ,0 0 0  to  a lm ost
7 ,0 0 0  a n d  increased th e  coverage b y  132 m illion  
acres to  a to ta l o f 3 2 2  m illion  b e fo re  th e  end  o f 
th e  year. Now a lm o st every acre o f  the  sed im en ­
ta ry  basins o f  A rc tic  C anada is u n d e r p e rm it 
fo r  ex p lo ra tio n . P e rh ap s  th e  change in a c tiv ity  can 
b e s t be show n by  a g rap h  o f  drilling  a c tiv ity  (Fig. 
1). T here  is an  o b v io u s  ju m p  a fte r  P ru d h o e  B ay 
fro m  an  a lm ost s ta tic  foo tag e  o f a ro u n d  1 2 5 ,0 0 0  
fee t to  abou t 1 7 5 ,0 0 0  the fo llow ing  y ea r and  by  
th e  en d  o f 1970  it m ay  w ell be o ff  th e  graph. 
T here  is also a clear tre n d  to w a rd s  d eep er holes. 
O n ly  a b o u t 80  o f  th e  4 3 2  w ells to  th e  end  o f  1969 
are in  excess o f  5 ,0 0 0  feet in  d e p th  and m ost o f 
th ese  w ere d rilled  in  th e  G rea t Slave P lains near 
th e  A lb erta  bo rder. S o m e  co n c ep t o f  the  degree to  
w h ich  th e  area has b e e n  te s te d  can be  o b ta in e d  by  
com paring  n u m b ers  o f  e x p lo ra to ry  w ells d rilled  
p e r  cub ic  m ile o f sed im en ts . F o r  C o n tin e n ta l 
U .S .A . it is 1 w ell p e r  7 cu b ic  m iles, fo r n o r th e rn  
C anada it is 1 w ell f o r  2 ,0 0 0  cubic  m iles.
T he  M iddle D evonian  N o rm an  Wells ree f  oil 
p o o l (Fig. 2), d iscovered  in  1920  th ro u g h  the  
ev idence of an  oil se ep , rem ains  th e  o n ly  com ­
m ercia l p roducing  f ie ld  in th e  T errito ries . I t  seem s
likely th a t  th e re  w ou ld  be a good  deal m ore oil 
fo u n d  in  th is area.
In d u s try  es tim a tes  o f a c tiv ity  over th e  n e x t 
five years  ind ica te  3 6 0  w ells fo r th e  area so u th  o f  
N orm an  Wells, 220  wells fo r  th e  area n o r t h ' o f  
N orm an  Wells to  th e  A rctic  C oast, and  75 wells fo r  
the A rc tic  Islands.
A  m ajor s trike  in  any  o n e  o f these  areas w ould  
of co u rse  requ ire  s ign ifican t upw ard  revision o f 
these estim ates.
Oil and Gas Shows
S om e o f  th e  m ore im p o r ta n t  ind ica tions  o f 
h y d ro ca rb o n  p o te n tia l in A rc tic  C anada are  show n  
on figure  2. S ta rtin g  in th e  so u th w e ste rn  part o f 
the  N o rth w est T errito ries , th e  P o in ted  M oun ta in  
and B eaver R iver gas fields have a lready  p roved  up  
im p o rta n t gas reservoirs in  M iddle D evonian lim e­
stones. O ne o f  th e  m ost s ig n ifican t in d ica tio n s  is 
the o ccu rren ce  o f  th e  o il sands in th e  B jorne 
F o rm a tio n  in  th e  low er T riassic  o n  Melville Island  
in th e  w est-cen tra l C anad ian  A rc tic  A rch ipelago . 
T h o u g h  the  deposit is n o t com m ercial it is on  th e  
u p d ip  so u th e rn  edge o f th e  Sverdrup  basin  a n d , 
th e re fo re , m ust be co n sid e red  an ex tre m e ly  signifi­
cant in d ic a to r o f p o te n tia l. Perhaps th e  m ost 
ex c itin g  recen t d iscovery w as Im peria l’s A tk in so n  
P o in t w ell lo ca ted  o n  the  A rc tic  C oast, east o f  th e  
M ackenzie delta . T his w ell flow ed  a m ed ium  
grav ity  sw eet c rude  to  the  su rface  from  a drill s tem  
test a t  a b o u t 5 ,7 0 0  fee t. P ro d u c tio n  is from  a 
low er C re taceous sand.
A n o th e r  very sign ifican t show  was the  large 
flow  o f  gas fro m  P a n a rc tic ’s D rake P o in t Well on 
M elville Island . This well b lew  w ild  for over a y e a r  
b e fo re  th e  gas zones were cu t o f f  by a re lief w ell 
w h ich  in d ica ted  10 m m cf/d  fro m  one zo n e  and  13 
m m c f/d  fro m  a n o th e r  w ith  5 fee t o f gassy oil. In  
a d d itio n  th e re  have been  m an y  sm aller in d ica tio n s  
o f o il an d  gas th ro u g h o u t th e  T errito ries .
H aving exam ined  w h a t has gone o n  up u n til 
now  le t us a tte m p t to  see w h a t th e  fu tu re  holds.
Geology
S om e 4 6 5 ,0 0 0  square  m iles o f  C anada, n o r th  
o f th e  6 0 th  are u nderla in  by  se d im e n ta ry  ro ck s; 
a b o u t ha lf in  th e  m ain land  and  h a lf  in th e  islands. 
F igu res 2 an d  3 show  th e  P recam b rian  Shield  
f la n k e d  b o th  to  th e  west a n d  to  th e  n o r th  by  th e  
In te r io r  P lains and  the  A rc tic  L ow lands. B eyond  
th ese  he th e  C ord illeran  a n d  F ra n k lin ia n  geosyn­
clines. O n a very b road  scale th e  geology to  th e  
n o r th  is sim ilar to  th a t o f  th e  W estern C anada 
S ed im en ta ry  Basin to  the  so u th . C ra to n ic  deposits  
w rap  a ro u n d  the  Shield g rad ing  w estw ard  and  
n o r th w a rd  th ro u g h  m iogeosynclinal to  eugeosyn- 
clinal.
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WELLS AND FOOTAGES DRILLED
(to July 31)
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Figure 1. D rilling, n o rth e rn  C anada, show ing a m arked  increase in  d eeper holes in 1970.
The sed im en ts d ep o sited  during the  Paleozoic  
w ere d o m in an tly  carbonates and evaporites on  th e  
craton ic  shelves and in  the  m iogeosynclines, g rad­
ing to  elastics no rthw ard  and  w estw ard in to  th e  
eugeosynclines. The F rank lin ian  geosyncline was 
affected  b y  b o th  C aledonian  and V ariscan d e fo r­
m ations th e  la tte r te rm ina ting  its  depositional 
h istory . T he  C ordilleran  geosyncline was involved 
on ly  w ith  local Variscan d e fo rm atio n  and it w asn ’t 
u n til L aram ide tim e th a t it was regionally de­
form ed. T he M esozoic sed im en ta tio n  was dom i­
nan tly  elastics w ith  m in o r carbonates.
One can see from  figure 3 th a t  the  o lder rocks 
in  the  sec tion  are exposed  b y  erosional bevelling in 
th e  A rctic  ju s t as th e y  are  in so u th e rn  C anada 
tow ards th e  Shield area. N o rth e rn  C anada can be 
divided in to  several geological provinces (Fig. 4) 
including th e  P recam brian  Shield, th e  In te rio r 
Plains an d  th e  A rctic Low lands flanking  it to  th e  
west and  n o r th , the w este rn  C ordilleran  area, th e  
F rank lin ian  geosyncline (in d ica ted  in  th e  figure by  
th e  fo ld  b e lts ), the S verd rup  Basin, and th e  A rc tic  
C oastal Plain. O f these th e  P recam brian  Shield, the  
C ordilleran  geosyncline and  th e  F rank lin ian  eugeo-
syncline have little  o r no  p o te n tia l fo r pe tro leum  
and  will be  discussed no fu rth e r.
In terio r Plains. The In te r io r  Plains m ay be 
considered  sim ilar, in a b road , w ay  to  th e  cratonic  
ty p e  o f sed im en ta tio n  and  in  p o ten tia l to  the 
plains o f  A lberta  (Fig. 4 ). T h is  area has som e
2 2 5 ,0 0 0  square m iles exclusive o f  the  C oastal Plain 
underla in  by som e 300 ,000  cub ic  m iles o f sedi­
m en tary  rock  som e parts o f  w hich, unlike the 
plains fa rth e r so u th , have been  involved in ra th e r 
com plex s truc tu res .
The C anadian P etro leum  A ssoc ia tion ’s p o ten ­
tial reserves com m ittee  uses a figure o f 45 ,000  
Bbls per cubic m ile as an average fo r th e  W estern 
C anada S ed im en tary  Basin. I f  w e use th is fac to r 
we m ight expect som eth ing  in  the  o rd er o f  13.5 
b illion  barrels o f  oil and , using  th e ir gas to  oil 
reserves ratio , 81 trillions o f  cubic  feet are 
estim ated  for th e  Y ukon  a n d  N orthw est Ter­
rito ries m ain land . The bu lk  o f  this p ro b ab ly  will 
be found  in Paleozoic rocks. T h e  po ten tia l fo r  this 
area can th e re fo re  be ra ted  as fa ir.
A rc tic  Coastal Plain. A b e lt o f  dom inan tly  
C retaceous and T ertiary  ro ck s  fringes the  n o rth
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Figure 2. G eneralized  geological m ap  and sign ifican t oil a n d  gas 
shows.
Figure 3. S ch em atic  cross-section  th ro u g h  A rctic  Islands Basins, R . L. 
Christie.
coast o f  the  m ain land  and  th e  A rc tic  Islands, th is  
sequence th ickens in a seaw ard d irec tion . In  
C anada, the  area o f  th e  C oastal P lain exposed  on  
the m ain land  is a b o u t 2 0 ,0 0 0  square  m iles w ith  an 
add itiona l 2 5 ,0 0 0  o r  so o ffsho re . T he th ickness o f  
the  sec tion  is ra th e r in p erfec tly  k n o w n  a t p resen t, 
th o u g h  recen t estim ates p lace it as high as 3 0 ,0 0 0  
feet in  the  M ackenzie D elta  a rea  and  th ic k e r  
o ffshore . P robab ly  th e  m ain  lim ita tio n s  in  th is a rea  
will be th e  possible d e p th  o f  p e n e tra tio n  o f w ells 
ra th e r th an  th e  to ta l th ick n ess  o f section .
Som e o f th e  fea tu res  can be  seen o n  figures 5 
an d  6 fro m  a p ap er by A. E. P allister given to  the  
annual AA PG m eeting  in  Ju n e  o f  th is year. These 
are  from  the  M ackenzie Bay a rea  m idw ay  along 
th e  coast b e tw een  P ru d h o e  B ay and  th e  A tk inson  
P o in t d iscovery. F igure 5 is a seism ic d e p th  sec tion  
an d  6 is an in te rp re ta tio n . A  wedge o f  u pper 
C re taceous and T ertia ry  s tra ta  can be  seen to  
th ick en  o ffsh o re  and  to  overly  u n c o n fo rm ab ly  an 
o ld e r sequence de fo rm ed  by  large o p e n  folds and  
diapirs. A ll o f th e  'a ttr ib u te s  ch a rac te ris tic  o f  the
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Figure 4. A rctic Basins
Figure 5. Seism ic d e p th  section. M ackenzie Bay area, A rctic  coast. (F ro m  
paper by  A. E. Pallister given to  1970 AAPG annual m eeting .
m ajor oil deposits in o th e r  p a rts  o f  th e  w orld are 
present. These include great th icknesses o f rela­
tively young  rocks m ostly  o f  nearshore  m arine 
origin, buria l w ith o u t m etam orph ism , probable 
diapirs an d  o th e r  large s tru c tu re s  especially  in the 
o ffshore , as well as d e m o n stra ted  porosity . How 
m uch  o f  th is p o ten tia l will be  fu lly  realized will 
p robab ly  depend  upon  the  ra te  o f  developm ent of 
o ffshore  drilling technologies su itab le  fo r m oving
pack ice and very so ft b o tto m s. A t this p o in t th e  
geologist usually  shrugs his shou lders  and says th a t  
he has every confidence th a t  the  engineers will 
solve these p rob lem s w hen the  need  arises. I f  we 
use M ason’s yield given in the  NPC F u tu re  
P etro leum  Provinces V olum e o r average G u lf C oast 
o f  8 0 ,0 0 0  B bls/m ile3as an analogy , we w ould  have 
abou t seven b illion  barrels using an  average th ic k ­
ness o f  tw o  miles.
U M R  Journal, No. 2 (June 1971)







Figure 6. In te rp re ted  seism ic section , M ackenzie Bay area. (F rom  paper b y  
A. E. Pallister, 1970 AAPG annual m eeting).
The part o f  the C oastal Plain bordering  the  
A rctic  A rchipelago has an area of som e 100 ,000  
square miles of which a b o u t 10% is above p resent 
sea level. The geology is probably  sim ilar to  the  
m ainland coast b u t n o  estim ate is m ade fo r  th is 
area although the  p o ten tia l could be increased 
correspondingly if th e re  is a reasonable hope o f 
exp lo ra tion  in the  foreseeable fu tu re .
A rctic  Lowlands. T h e  A rctic  Low lands o f  the  
A rctic  Archipelago he betw een th e  C anadian 
Shield and  the fo lded belts o f th e  F ranklin ian  
geosyncline. This area is m ade u p  of several 
shallow  basins (Fig. 4 )  each w ith  a d ifferen t 
h isto ry , b u t in general the geology is sim ilar to  
p a rts  o f the low lands bordering th e  shield  in 
sou thern  Canada th o u g h  larger s tru c tu re s  are 
present. The rocks are dom inan tly  carbonates  w ith 
som e elastics, m ostly L ow er Paleozoic in age b u t 
w ith  som e stra ta  as young as M esozoic and 
T ertiary . The to ta l rep o rted  th ickness is m ore than
18,000 fee t, but th e  com plete section  over m ost o f 
the  area is less than  10,000 feet. T here are 
num erous indications o f  hydrocarbons in  these 
rocks, b u t the overall general p o ten tia l fo r m ajor 
pe tro leum  is n o t as g rea t as in  som e o f  the  o th e r  
n o rth e rn  basins. This a rea  could  be g rouped  w ith  
the  In te rio r Plains, bu t because o f th inness o f  the 
section , the greater age o f th e  rocks and  the 
rem oteness o f th e  area, i t  canno t be considered as 
a ttractive. The area has been g rouped  together by 
Landes w ith  the F ranklin ian  m iogeosyncline and 
assigned an area o f 226 ,7 0 0  square miles and a 
volum e o f  416 ,800  cubic miles.
Franklinian Geosyncline. The eugeosynclinal 
part o f the  geosyncline ou tcropp ing  on  n o rth e rn
Ellesmere Island and the p a rt lying at great d ep th  
beneath  the  Sverdrup Basin is n o t likely to  have 
any po ten tia l w hatsoever. The m iogeosynclinal 
po rtion , however, w hich is cu t by  the  P arry  Island 
fold b e lt, has possibilities. T he  Variscan struc tu res 
include long, sublinear, sym m etric , gently  plung­
ing, east trend ing  folds w hich gradually decrease in 
am plitude to  the  sou th . O ne unsuccessful well has 
been drilled on  one of these anticlines. T he 
po ten tia l fo r th is area, how ever, m ust be con­
sidered relatively low since th e  section is D evonian 
and older. If we use the volum e o f  416 ,800  mi3 
m entioned  above fo r the com bined  areas and use 
an a rb itra ry  yield o f som ew hat less than th a t  given 
to  th e  In te rio r Plains o f 30 ,000  B /m i^ w e w ould 
have 12.5 billion barrels for th is  area.
Sverdrup  Basin. The Sverdrup Basin lies to  
the n o r th  and west o f  th e  F ranklin ian  m iogeo­
syncline and con ta ins an aggregate o f possibly
40 ,000  fee t o f s tra ta  from  C arboniferous to  early 
T ertiary  age. This sequence p robab ly  d id  no t all 
accum ulate in one place and  it seem s th a t the  axis 
of m axim um  deposition  has m oved w esterly  across 
the basin  w ith  tim e. C arbonates occur in th e  
C arboniferous b u t th e  upper part o f  the section  is 
dom inan tly  clastic. The m ajor de fo rm ation  was 
Laram ide and produced  typ ically  large fo lds w ith  
curving axes and m oderate depths. A num ber o f  
diapiric struc tu res have developed some o f  w hich 
have pene tra ted  very th ick  parts o f th e  basin 
com ing from  C arboniferous evaporites at dep th . In  
view o f  the  large volum e o f  sed im ent in th e  basin, 
the am ple evidence o f  source rock and th e  variety 
of structural-stra tigraphic  com binations, a n d  facies 
variations w ith  reef-shale and sand-shale sequences,
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th e  p e tro leu m  p o te n tia l o f th e  a rea  m ust be 
considered  h igh , a t least as good  as the  A rc tic  
C oastal P lain . T h is basin  acco rd in g  to  L andes 
c o n ta in s  2 6 2 ,0 0 0  cubic  m iles o f  p o te n tia l sedi­
m en ta ry  ro ck  an d  is a b o u t 1 13 ,0 0 0  square  m iles in 
area. We have used  the sam e y ie ld  fa c to r  fo r  th is 
basin  th a t w e used  fo r th e  A rc tic  C oasta l P lains o f  
8 0 ,0 0 0  B /m i^ . A lth o u g h  th e re  is n o  geological 
s im ilarity  b e tw e e n  the  tw o  w e chose th is  n u m b er 
s im ply  as b e in g  rep re sen ta tiv e  o f a b e tte r  th an  
average basin . I t  w ould  th e n  give us a p o te n tia l o f 
21 b illion  fo r  th e  S verd rup  basin .
Conclusions
E x p lo ra tio n  and  d e v e lo p m en t o f  m eta llic  m in­
erals and  so lid  fuels is fa r e n o u g h  a long  in n o r th e rn  
C anada to  in d ic a te  c learly  a very large p o ten tia l. 
T he  ra te  a t w h ich  th e  p o te n tia l  will be realized  will 
d e p e n d  on  w orld  m eta l p rices, changes in tech ­
no logy  o f e x tra c tio n , a n d  im p ro v em en ts  in  com ­
m un ica tions.
Mineral Potential o f A rctic  Canada
T h e  54 b illion  barrels th a t  w e have assigned 
ra th e r  a rb itra rily  to  A rctic  C a n a d a  is based  on  
scan ty  ev idence. H a lf  o f  th is  is a t t r ib u te d  to  o ld er 
shelf-type  d ep o sits  a n d  m ay be  w id e ly  d ispersed  in  
re la tive ly  sm all p o o ls  and so n o t  u sab le  u n til 
c o m m u n ica tio n s  a re  greatly  im p ro v ed . T h e  o th e r  
ha lf fro m  th e  A rc tic  C oastal P la in  and th e  Sver­
d rup  Basin w ill p ro b ab ly  be h a rb o u re d  in  poo ls o f  
m uch  larger average size. We fee l th a t  these 
es tim ates  te n d  to  th e  conserva tive  and  fall 10 
b illion  barre ls be low  those  o f  th e  C an ad ian  P e tro ­
leum  A ssoc ia tion  fo r  th e  A rc tic  Islands. A s soon  as 
we gain  an  idea o f  the  geo log ical n a tu re  o f  th e  
trap s in  th ese  basins from  th e  f irs t few d iscoveries 
and an  insigh t in to  source  p o te n tia l  f ro m  o u r  
c u rre n t geochem ica l p rogram  w e w ill be in  a m uch  
b e tte r  p o sitio n  to  p u t  m ean ing fu l ra tings o n  th em .
I th in k  it is safe to  say even a t th is  very ea rly  stage 
o f e x p lo ra tio n  th a t  m ajor p e tro le u m  discoveries 
will be  m ade  w ith in  the  n e x t five  years in  A rc tic  
C anada; p ro b ab ly  w ith in  tw o  o r th re e  a t th e  
cu rren tly  a n tic ip a te d  ra te  o f  e x p lo ra tio n .
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O il and  G a s  Reserves in the Siberian Shelf
A.J. Eardley, Professor Emeritus 
University o f Utah
ABSTRACT
The Arctic region must be the world’s largest storehouse of liquid and gaseous hydrocarbons, and the vast Siberian 
region, both “ on land” and “off shore” must be considered with envy by the free-world’s geologists for its oil and gas 
potential. It is here estimated that the o ff shore continental shelf of U.S.S.R. Siberia contains a reserve of 200 billion 
barrels of oil and 500 trillion cut. ft. of gas. These very approximate figures come from meager data obtained from the 
literature on oil and gas discoveries in the Siberian Arctic, the basin location of these discoveries, and the projection of 
the petroliferous basins off shore to  the continental shelf.
OIL AND GAS RESERVES 
IN THE SIBERIAN SHELF
By reserves is m ean t the  a m o u n t o f  oil and  gas 
th a t  lies b u ried , is as y e t  und isco v ered , and w h ich  
m ay be p ro d u ce d  u ltim a te ly . U ltim ate  p ro d u c tio n  
im plies th a t  m ethods o f  e x p lo ra tio n  and d rilling  
will be achieved  in th is  fo rb id d in g  region o f  th e  
S iberian  Shelf, th a t th e  m ajo r accu m u la tio n s  wifi 
be  tap p ed , an d  th a t  p ro d u c tio n  e ffic iency  in  th e  
un fo reseeab le  fu tu re  w ill be the  sam e as no w  in 
th e  U n ited  S ta tes. It m u st be  u n d e rs to o d , how ­
ever, th a t o th e r  fac to rs  th a n  p ro d u c tio n  effic iency  
are m ore im p o rta n t in  th e  h igh ly  speculative 
process o f  estim ating  reserves. P ro d u c tio n  ef­
fic iency  is m en tio n ed  b ecause  th e  reserves o f  th e  
U.S. given fo r com parative  p u rposes  reflec t th e  
am o u n ts  th a t  will even tually  be  p ro d u ced  - n o t th e  
am oun ts  in  place.
The land  areas o f  th e  S iberian  A rc tic  are  
divided in fo  p robab le  and  im p ro b ab le  oil and  gas 
areas, and  th e n  the  o il an d  gas fields are lo ca ted  as 
far as the  lite ra tu re  available to  th e  w rite r perm its . 
T h en  the  p ro b ab le  o il and  gas areas (basins) are  
p ro jec ted  in to  th e  shelf reg ion  w ith  the  help  o f  all 
geological l ite ra tu re  available to  th e  w riter. T h e  o f f  
shore  basin ex tensions are th e n  eva lua ted  on  th e  
basis o f th e  sed im en ta ry  ro ck s  com prising  th e m , 
th e ir  s tru c tu ra l fea tu res , a n d  especially  on  th e  
basis of th e  size an d  vo lum e o f  the k n o w n  
h y d ro ca rb o n s  accu m u la tio n s  on  land . T w o classes 
o f  p robab le  o il and gas provinces are designated , 
one good to  ex cellen t, a n d  one possible w ith  
sca tte red  and  less p ro lific  accum ula tions. F o r  
ap p ro x im ate  ca lcu la tions th e  good  to  ex ce llen t 
provinces o r  basins w ere e s tim a ted  to  con ta in  90%  
o f  th e  oil a n d  gas, and  the  possib le province 10%.
The m ajo r estab lished , o n  sh o re  province o f  
S iberia is here  called th e  O b-Y enisei R ivers Basin. 
I t  lies b e tw een  th e  U ral M oun ta ins o n  the  w est a n d  
th e  C en tra l S iberian P la tfo rm  o n  the  east, an d  
accord ing  to  R ussian re p o rts , co n ta in s  b o th  th e  
largest o il fie ld  and  gas field  yet d iscovered  in th e  
S iberian  A rc tic . These are new  discoveries and  are
lo ca ted  n o r th  o f th e  small c ity  o f  T y u m en  on  th e  
T rans-S iberian  R ailroad . A th ic k  C enozo ic  and  
M esozoic deposit fills the  basin a n d  overlies m ostly  
o lder fo ld  belts. E x p lo ra tio n  is ac tively  going o n  in 
the n o r th e rn  part o f  th e  basin. I t  is here e s tim a ted  
th a t th is  basin sp reads n o rth w a rd  o ff  sho re  to  th e  
e x te n t o f 100 ,000  sq. mi.
West o f  the  n o rth e rn  U rals and east o f  th e  
T im an  M ounta ins is the  P e ch o ra  Basin w ith  a 
n u m b er o f  oil a n d  gas fields, m ost o f th em  
p ro b ab ly  d iscovered  soon a fte r  W orld War O ne. 
T hey  have been c o n n ec ted  to  L en ingrad  by pipe 
lines. E x p lo ra tio n  is rep o rted  to  be active in  th e  
n o rth e rn  p a rt o f  th e  basin b o th  on  lan d  and o ff  
shore. The geology o f  the  P e ch o ra  basin is sim ilar 
to  th a t  o f  the  O b-Y enisei, an d  th e  basin  ex ten d s 
o ff sho re  in  an a rea  o f  a b o u t 7 0 ,0 0 0  sq. m i.
T he R ussians rep o rt a to ta l  o f  40 o il and  gas 
fields now  discovered n o r th  o f  T yum en , sup­
posed ly  in  the O b-Y enisei R ivers Basin and the  
P echora Basin. O n ly  a few  o f  these have been  
show n  on  Fig. 1 because o f  lack  o f  in fo rm a tio n  in 
the available lite ra tu re . T he Soviet geologists es­
tim a te  th a t  75 b illio n  barrels o f  o il and 176 trillio n  
cu. f t. o f  gas in th ese  fields have been  p roved  up. 
T he gross area in  w h ich  these  fie lds o ccu r is a b o u t
140 ,000  sq. mi.
A n o th e r  o ff  shore  reg ion  regarded  as having 
excellen t o il and gas possib ilities is here called the  
A rc tic  S lope P rovince. I t is believed to  be an 
ex ten sio n  o f  th e  A laskan n o r th  slope province 
w here large oil an d  gas accu m u la tio n s  have re­
cen tly  been  fo u n d . The U.S. G eological Survey 
re p o rt on  A laska in  F u tu re  P e tro le u m  Prov inces o f 
the  U n ited  S ta tes  (A  S u m m ary ) o f th e  N ational 
P e tro leum  C ouncil p roposes th e  ex ten sio n  o f  the  
B rooks R ange fo ld  belt to  W rangel Island  o n  the  
basis o f geophysical observa tions, and  if  so, the  
A rctic  C oastal P lain  P rov ince  w ith  its A rctic  
P la tfo rm  (very  favorab le  fo r  o il and gas accum ula­
tio n )  m ay e x te n d  u n d e r a large a rea  o f th e  S iberian  
Shelf. (See Fig. 1.) The re p o r t  above re fe rred  to  
gives the  “ on la n d ” area o f  th e  A laskan  C oastal 




















Figure 1-Siberia and the Siberian Shelf showing major tectonic features. The oil fields are in black ovals and the gas fields in open ovals. 
The shelf isobaths are in meters.
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5-50 billion barrels (h ere  a figure o f  20  b illion  will 
be assum ed fo r c o m p u ta tio n a l purposes). T hus a 
billion barrels o f oil per each  1000 sq. mi. m ight 
be p ro jec ted  for th e  province o f f  shore. This 
com pares w ith  the ra tio  fo r the  O b-Y enisei Basin
productive reg ion  ( ^ o ^ O O ^ m i ^  o f 0 54  bilIion
barrels per 1000 sq. mi. T he A laskan  figure is 
larger than  the  S iberian , and fo r conservative 
purposes the  sm aller will be used fo r the  calcula­
tion  o f  the  possible o il in th e  S iberian  A rctic  Slope 
province o f the  c o n tin e n ta l shelf. The S iberian 
A rctic Slope region on  the  shelf m easures ab o u t
180,000 sq. mi.
T he  favorable o f f  shore  areas m ay th u s  be
item ized:
Pechora B a s in .............................................  70,000 sq. mi.
Ob-Yenisei B asin .........................................  100,000 ” ”
Arctic Slope Basin.......................................  180,000 ” ”
Total Area 350,000 ” ”
And if these  favorable o f f  sho re  areas shou ld  
con ta in  0 .5 4  billion barrels per each  1000 sq. m i. 
of recoverable  oil, th e n  som e 190 billion barrels o f 
oil m ust be considered as available in them , once  
the p rob lem s o f e x p lo ra tio n  and drilling have been  
su rm o u n ted .
L ikew ise for gas, th e  ra tio  o n  land n o r th  o f 
. 1 7 6  trillion  cu. ft. , . ....
T yum en 15 140 ,000  sq. mi. = 1 2 5  trllh o n  Cu’ f t ‘ 
per 1000 sq. mi. If  th is  ra tio  is used fo r th e  
favorable under-w ater areas, th e n  fo r 3 5 0 ,0 0 0  sq. 
mi. som e 435 trillion  cu. ft. o f  gas shou ld  be 
con tained  there .
A large region yet unconsidered  is the one  
labeled “ F o ld  belt o f  M esozoic S tra ta ”  on  Fig. 1. 
It is here regarded as less favorable th an  th e  
Pechora. O b-Y enisei, and  A rctic  Slope basins. T he 
fold belt as here show n is m ade up m ostly  o f 
Jurassic and  C retaceous s tra ta  w ith  num erous 
scattered  in trusions. A C enozo ic  coastal plain is 
largely lacking, so the  o f f  shore  p ro jec tio n s  shou ld  
involve th e  fo lded  Jurassic  and C re taceous fo rm a­
tions w ith  a th in  C enozo ic  cover. The location  o f 
on ly  tw o  fields, o n e  oil and  one  gas, has com e to  
the  w rite r’s a tte n tio n  in  th is  province. T hey  are 
near th e  estuary  m o u th  o f  the  K heta  R iver a t th e  
sou theast end  o f th e  T aym yr Peninsula. (See Fig. 
1.) Judg ing  from  th e  geological m aps these fields 
p roduce from  C re taceous or Jurassic  s tra ta , and  
seem  to  be in the  ex trem e  w est end  o f  th e  
M esozoic fo ld  b e lt as here labeled. P ro d u c tio n  
figures are  n o t know n . Active ex p lo ra tio n  in  th is 
region is proceeding.
I t  is ru m o red  th a t a region o f  oil and gas 
p ro d u ctio n  has been  discovered o n  th e  Lena River 
near Y aku tsk , even m ore significant th an  the  
region n o r th  o f T yum en . This ru m o re d  discovery 
m ay occur in  th e  M esozoic fo ld  b e lt, b u t again 
possibly it m ay lie on  th e  edge o f  the  C en tra l 
S iberian P la tfo rm .
The o ff  shore  area o f  the  M esozoic fo ld  belt 
province, acco rd ing  to  the  w rite r’s deductions 
com prises 3 0 0 ,0 0 0  sq. mi. It is a rb itra rily  assigned 
20 billion barrels o f  oil and  40  trillio n  cu. ft. o f  gas 
(ab o u t 1 /1 0 th  o f  th e  m ore favorab le  o ff  shore 
areas). T hus the  prospective reserves o f th e  Si­
berian  Shelf region are
O il..............................210 billion barrels (rounded to  200)
G a s ............................. 485 trillion cu. ft. (rounded to  500)
These figures m ay be com pared  w ith  those 
suggested by  the  N ational P e tro leum  C ouncil fo r 
the  U nited  S ta tes (p roposed  final re p o r t, Ju n e  20, 
1970).
O IL
U.S. - Production through 1968 - 86 billion bbl.
Ultimate recovery o f the fields 
now discovered - 176
Estimated recovery of oil yet to 
be discovered - 258
Siberian on shore discovered to date 75 billion bbl.
Siberian off shore, estimate this report 200 ” ”
G A S
U.S. - Production to date - 632 trillion cu. ft.
Estimated recovery of gas yet
undiscovered - 600 ”  ” ”
Siberian on shore discovered to date - 176 ” ” ”
Siberain off shore estimated this re­
port (rounded off in the abstract 
to 500) -5 0 0  ” ” ”
CONCLUSIONS
The A rctic  region m ust be the  w orld ’s largest 
s to rehouse  o f  liqu id  and  gaseous hyd ro carb o n s, 
and  the  vast S iberian  A rctic  land regions, com ­
parable in  area  to  th e  U n ited  S ta tes, m ust be 
considered  w ith  envy by  the  free w orld  geologists 
fo r its o il and gas po ten tia l. In  ad d itio n  to  th e  “ on  
lan d ” p o ten tia l is a vast o ff shore  reserve th a t  m ay 
even tually  be tap p e d . The estim ates here used fo r 
A rctic  S iberia are  p robab ly  conservative and  m uch  
less th an  th ey  shou ld  be.
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ABSTRACT
With major involvements in Alaska, the experience gained from these operations reflect the success of talented 
personnel in meeting the challenges of climate, equipment, logistics, perma-frost, etc. Real concern stems from present 
delays in the Arctic program due to financing involved as well as increasing dependency o f the United States upon these 
reserves in today’s market and supply situation.
It is d ifficult to  conceal o u r  enthusiasm  fo r 
Alaska. Drilling people are in dependen t, aggressive, 
adventuresom e, exciting  - so are A laskans. We have 
found the S tate  o f  Alaska and its people to  o u r 
liking and we hope very m uch to  be a part o f its 
fu ture. O ur com pany has been drilling for the  
A tom ic Energy C om m ission on A m chitka Island 
far o u t in th e  A leutian  chain for several years. We 
also have five drilling rigs on th e  N orth  Slope o f 
Alaska. We are in te rested  in the  to ta l state  o f 
Alaska and not ju s t in these  specific areas, and we 
ow n a substan tia l in te rest in Alaska Airlines as 
well. These investm ents com m it ou r co m p an y ’s 
fu tu re  to  th a t o f A laska’s q u ite  strongly . These 
represent over one-th ird  o f the  assets o f  our to ta l 
com pany when y o u  consider o u r  equ ipm en t, o u r 
personnel and  our su p p o rt equ ipm en t involved. We 
suspect th a t  p ro p o rtio n a te ly  to  o u r to ta l w orth , 
our com pany  is co m m itted  to  Alaska as m uch or 
m ore th an  any o th e r  oil industry  com pany  we 
know . O bviously we have been substan tia lly  af­
fected  by th e  delays in these program s o f  Alaska in 
recent m onths because o f  the size o f o u r invest­
m ents there.
Challenge is the  best w ay to  describe the  
drilling problem s involved. The clim atic  cond itions 
on the N o rth  Slope alm ost seem  to  resent hum an  
beings. T he b itte r cold, strong  winds, fla t barren  
land, ice and snow , com bine in m any form s to  
produce w hite-ou ts and o th e r cond itions th a t are 
n o t conducive to  efficient operations. In the  
w in ter it is freq u en tly  im possible to  de term ine  
w here th e  horizon is as well as to  distinguish  the 
sea from  th e  land since all is w hite  and all is ice.
For these and  o th e r  reasons the com panies 
operating  there chose from  th e ir  ranks their top  
personnel. This includes drilling co n trac to rs  as well 
as operators. T he problem s sim ply dem and the 
best people, and Alaska has b enefited  from  the 
capabilities of th is  ta len t trem endously .
The equ ipm ent and  facilities requ ired  for 
drilling in these cond itions involve basic hydraulic  
system s fo r soft rock  drilling, sim ple rig-up de­
signs, special co ld  steels, e laborate  heating  and 
living facilities, s tringen t safe ty  program s, and
special p rocedures to  prevent po llu tion  o r con­
tam ina tion  o f th e  area. The drilling opera tio n s  are 
affected  by  the  seasons involved. D uring th e  freeze 
up  or w in ter m on ths, it is q u ite  sim ple to  move 
long distances in nearly  every d irection . Such a 
long move usually requires five to  te n  days o f  tim e 
before spudding. This com pares to  24 -h o u r moves 
on  drilling pads. These opera tions can norm ally  be 
carried o u t be tw een  the  app rox im ate  d a tes  o f  
N ovem ber 15 and  Ju n e  1. D uring the sum m er 
m onths th e  drilling equ ip m en t m ust depend  upon  
th e  road  system s presen tly  being developed , or be 
on  a new  location  p rio r to  the  thaw , on a m ultip le 
pad location  fo r sum m er drilling, o r  u tiliza tion  o f  
helicop ters, etc.
As in  m ost cases, econom ics are a m ajor fac to r 
in de term ining  y o u r pre-planning and  scheduling 
fo r these periods o f the  year. T he drilling tech ­
niques them selves vary som ew hat w ith  th e  differ­
en t opera to rs  and  the m ore specific details o f  these 
techn iques are still restric ted . In general, how ever, 
we set 2 5 0  fee t o f 20 inch  casing and th e n  drill 
th ro u g h  the  perm afrost w ith  ex trem ely  high vis­
cosity  m ud (1 5 0  viscosity) a t a very  low tem pera ­
tu re  (35 to  40  degrees) to  2 ,250  fee t w here we ru n  
13-3/8 inch  casing. T he 9-5/8  inch casing is usually 
set a round  6 ,0 0 0  fee t, and 7 inch  casing to  to ta l 
dep th , if  requ ired . O f course th is is ju s t one typ ica l 
p a tte rn  o f  w hich  there  are m any variations. T he 
developm ent program s now  require a b o u t th ir ty  
days drilling tim e to  10,000 fee t, w hich  is a 
trem endous im provem en t in the last few  m onths. 
The average tim e  to  11,000 feet runs from  30 to  
45 days. A recen t well to  16,000 feet requ ired  
only  1 50 drilling days, w hich is faster th an  m ost 
drilling in the low er states. T here are very few  hard  
rock  co n d itio n s  en co u n te red  and  th ere  are no  
special new  tricks em ployed  to  d rill on th e  Slope. 
Basically we sim ply utilize the latest type  o f 
drilling bits, th e  best hydraulics available, w ith  
good drilling rigs. We run  abou t 40 ,0 0 0  p o u n d s  o f 
w eight on th e  b it a t 50 to  75 RPM. W ithou t a 
d o u b t, the  success th a t has been accom plished in 
the  drilling program s to  date  on th e  Slope are th e  
result o f  team w ork  o f everyone involved. These
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resu lts  have been  a s to u n d in g . T h ere  have been 
m ore  im provem en ts m ade  in d rilling  progress on 
th e  N o rth  Slope in  th e  past y e a r  th a n  in a n y  o th e r  
a rea  o f  th e  w orld  w ith  w hich  I am  fam iliar. The 
challenge I spoke a b o u t earlier is w h a t m ad e  th is 
possib le  because challenge brings o u t  the  best in 
m en  an d  the  q u a lity  o f  peop le  th a t  have been 
assigned to  these  o p e ra tio n s , co u p led  w ith  these 
challenges, con tinue  to  p roduce th e  resu lts  being 
rea lized  there.
M ost o f w h a t I have  said is co m m o n  know l­
edge. T here  is still m u c h  in fo rm a tio n  a b o u t  the  
S lope th a t  can n o t b e  discussed b ecause  o f  the  
im p o rta n c e  o f in fo rm a tio n  to  fu tu re  lease sales 
a n d  program s. H ow ever the u n to ld  s to ry  is perhaps 
n o t  w ell enough  k n o w n  o f  o p e ra tio n s  o n  th e  
N o r th  Slope. We p rep ared  fo r  the p ro b lem s m en­
tio n e d  above - cold , w ind, p e rm afro s t, e tc . T he 
p ro b lem s th a t c o n tin u e  to  exist are th o se  o f 
logistics, rem oteness a n d  sup p o rt.
Since financing h as  becom e such  a critica l 
issue in  all o f  the  w o rld  to d a y , i t  is even  m ore 
accen ted  on th e  N o r th  Slope because o f th e  high 
cost involved. T h e re fo re  th e  logistics b e c o m e  a 
m ajo r concern  to  all involved. The a lte rn a tiv es  are 
few  as to  how  to  p rov ide  th e  e q u ip m en t w h e n  and  
w here it  is need ed  w ith o u t ty ing  u p  large sum s o f  
m oney  needlessly. T h e  rem oteness o f th e  area is 
h a rd  to  apprecia te  u n til y o u  s ta r t  m ain ta in in g  
supp ly  channels. T he overhau l and m ain te n a n c e  o f 
y o u r  e q u ip m en t itse lf requ ires  special p lan n in g  and  
tra n sp o rta tio n . T here  is a fa n ta s tic  d ep en d en ce  
u p o n  air su p p o rt a n d  p re-p lanning  o f th e  m ain te ­
nance o f th a t  air su p p o rt has been  a m ajor 
c rite rio n  fo r th e  success o f  these  o p e ra tio n s . I 
cou ld  m en tion  the  ice fog hazard s a n d  the 
n u m ero u s occasions w h en  it b eco m es necessary  to  
w ork  ou tside  o f  the  p ro te c tiv e  a reas on  th e  N o rth  
S lope despite  the  e le m en ts  to  acco m p lish  the  
necessary  jobs. “ T ig h t”  holes c o n tin u e  to  be the  
ru le o n  the S lope a n d  th ey  in  them selves b ring  a
d iffe ren t sty le  o f o p e ra tio n  to  th is  p rogram  in 
m any ways. O ne sim ply  has to  be secu rity  c o n ­
scious in  ad d itio n  to  his o th e r  functions.
T h e  im p o rtan ce  o f  th e  fu tu re  o f th e  a rc tic  
areas o f  A laska has been  b ro u g h t m ore in to  focus 
by re c e n t deve lopm en ts in th e  M iddle E ast in th e  
past few  w eeks. T hese re-serves have beco m e o f 
m uch  g rea ter value, in view  o f th e  new s tru c tu re  
and p rices o f  E astern  H em isphere  oil. T h e  drilling  
o p e ra tio n s  them selves will u n d o u b ted ly  c o n tin u e  
to  im prove  as these p rogram s do  progress and  as 
soon  as m ore d e fin ite  p lann ing  can be m ade w ith  
k n o w n  objectives.
T here  is a real danger to  th e  success o f  th e  
p rog ram  in th a t th e  delays p resen tly  b e ing  en ­
c o u n te re d  cou ld  w ell sh ift the  p rio ritie s  o f  th e  
com pan ies involved to  o th e r  areas. T here  has b een  
som e evidence o f  th is  a lread y . T hese k ey  peop le  I 
have m en tio n ed  earlie r w ho  have been responsib le  
fo r m uch  o f  the  success accom plished  cou ld  be 
tra n sfe rred  to  o th e r  areas th a t are m ore  active, 
w h ich  w ould  take from  th is  o p e ra tio n  the  to p  
know -how  fo r fu rth e r  advancem en ts. R e a llo ca tio n  
o f o p e ra tio n a l budgets is an  equal th re a t  to  th is  
sh ift in p rio rities as well as a change in  the  to ta l  
m ark e t p ic tu re  due to  th e  u n c e rta in tie s  o f  th e  
availab ility  o f  these reserves. T here  is an  u rgen t 
n eed  fo r im m ed ia te  rea c tiv a tio n  o f th e  to ta l  
p rog ram  to  recap tu re  th e  m o m en tu m  o f  success 
w h ich  is so vital to  the  S ta te  o f  A laska and  its 
p eo p le , th e  rep len ishm en t o f  th e  rap id ly  declin ing  
su p p ly  o f  oil and  gas to  th e  U n ited  S ta tes , and  th e  
m u ltip le  benefits  o f  p o s itio n  in th e  energy  m arke ts  
as w ell as th e  im p o rtan ce  o f  w orld  se cu rity  to  the  
c itizen s  o f  o u r co u n try .
In  concluding , it is obvious th a t  d rilling  
p ro b lem s in the  a rc tic  areas o f  A laska are  rea lly  a 
m a tte r  o f  how  e ffic ien tly  th e y  b lend  in to  the to ta l  
o p e ra tio n a l e ffo rt th a n  th e  ac tu a l d rilling  te c h ­
n iq u es  u tilized  on  th e  wells.
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INTRODUCTION
The A rctic , th a t area ly ing n o r th  o f  the  A rctic 
Circle, is an im m ense and deso late  section  o f the  
w orld , hostile to  m an, to  his eq u ip m e n t, and  to  his 
ships. It is an  area o f relatively  little  land  m ass and  
a great expanse o f  ocean covered w ith  ice.
T he A rctic  O cean, one o f  the  m ajor oceans o f 
th e  w orld, covers nearly  5 m illion square  miles o f 
th e  A rctic. T he co n tin en ta l land  masses o f E urope, 
Asia, and N o rth  A m erica ex te n d  well in to  the  
A rctic  zone; an d  the n o r th e rn  tip  o f  G reenland  is 
th e  m ost n o rth e rly  land exposure . T he broad 
shallow  c o n tin en ta l shelves e x te n d  o u tw ard  from  
E urope and Asia as m uch as 300 m iles, b u t the  
N o rth  A m erican shelf e x ten d s  less th an  50 miles 
in to  th e  A rctic  Ocean. B eyond  these co n tin en ta l 
shelves the  A rc tic  O cean reaches d ep th s  o f  nearly
15,000 feet.
An area o f  the A rctic  w hich is o f  prim e 
in te rest to d ay  is th a t part o f  Alaska know n as th e  
N orth  Slope. R unning east and  west across th e  fu ll 
w id th  o f A laska n o rth  o f the  A rctic  Circle is a very 
rugged range o f  m ounta ins, the B rooks Range, 
w ith  elevations o f up to  7 ,0 0 0  feet in the  w estern  
p o rtio n , and M t. N icholson rising to  9 ,239  feet in 
th e  east. T he N orth  Slope is the  fla t, low -lying 
coastal plain fro m  50 to  1 50 miles w ide betw een  
th e  B rooks R ange and  th e  A rctic  O cean. It is an 
area w hich in  size is com parab le  to  the  state  o f  
California. T here  are on ly  a few  passes th ro u g h  th e  
Brooks R ange fo r access to  th e  N o rth  Slope fro m  
the  south . T he  best know n  o f  these is the  
A naktuvuk  Pass w ith  an elevation  o f  2 ,200  feet.
The N o rth  Slope is liberally  sprinkled w ith  
small shallow  lakes and  cu t by  m eandering  shallow  
stream s. T he  largest river in th e  area is the  Colville, 
w hich drains m ost o f  th e  cen te r o f  the  B rooks 
Range to  th e  n o rth  and  em p ties in to  th e  A rctic  
O cean a sh o rt d istance w est o f  P rudhoe Bay. This 
is the  land  o f  the tu n d ra , th e  land o f the  
perm afrost, and  the h om e o f the  ice wedge 
polygons.
What is tund ra?  B asically, it is a very th in  skin  
o f vegetation  covering and  p ro tec tin g  from  erosion  
th e  u n conso lida ted  m asses o f  m uds, silts, sands, 
and  gravels lying b en ea th  it. Its  g row th  is slow  in 
th e  ex trem e; it is easily scarred  and  slow to  heal; 
and it takes years to  recover from  dam age. An area
over-grazed by  a he rd  o f  caribou  w ill take from  50 
to  100 years to  recover com plete ly .
W hat is perm afrost?  It has b een  defined  as any  
m aterial the  tem p era tu re  o f  w h ich  rem ains below  
0° cen tig rade, or 32 F, fo r over 2 years. In o th e r  
w ords, perm afrost is a p e rm an en tly  frozen layer o f 
the  e a rth ’s surface. Perm afrost o n  the  N o rth  Slope 
varies from  600 fee t in th ickness a long  the  coast to  
as m uch as 2 ,000  fee t in in land areas. Five miles 
sou th  o f th e  beach  in the  P o in t B arrow  area it 
reaches a d e p th  o f 1 ,250 feet. D uring the  sum m er 
m onths, th is mass o f  frozen m ateria l thaw s to  a 
d ep th  of from  18 to  30 inches th ro u g h o u t the  
N orth  Slope area. In  som e areas so u th  o f  the 
Brooks Range it m ay  thaw  as m u ch  as 1 6 fee t.
W hat are ice wedge polygons? T h ey  are 
polygons fo rm ed  by  the cracking  o f  the su rface of 
the g round  and closely resem ble th e  p a tte rn s  
found  in drying m ud , as in th e  b o tto m  o f a dry  
lake bed. T hey  vary  in d iam eter from  30  to  100 
feet and  c o n s titu te  the  m ost co nsp icuous surface 
fea tu re  over thousands o f  square  m iles o f  the  
N orth  Slope area. T he polygons are sep ara ted  by 
ice wedges varying in th ickness a t the  su rface from  
a few  inches to  as m uch as 10 o r 12 fee t. These 
w edge-shaped segm ents o f ice m ay ex ten d  dow n­
ward as m uch  as 20  feet. Im agine in te rp re tin g  the  
results o f a series o f  soil sam ples along th e  ro u te  of 
a road  in w hich m any o f the  sam ples w ould  be 
100% ice.
ENVIRONMENT
H olm es & N arver, Inc., fo r  several years has 
been m ain tain ing  and o p era tin g  facilities and 
equ ip m en t under ex trem es o f  cold w e a th e r a t 3 
principal sites: P o in t Barrow N avy R esearch  Site, 
Poin t Barrow , A laska (tru ly  th e  A rctic); A m chitka, 
near the  end o f  the  A leu tian  Chain (n o rth e rn  
sub-A rctic  zone); an d  the A n ta rc tic  at th e  opposite  
end o f the  w orld . Several y ea rs  ago H olm es & 
Narver also c o n d u c ted  a 3 -year p ro jec t o n  the 
desolate n o rth w est coast o f  A laska be tw een  Point 
H ope and Cape L isburne (a lso  tru ly  A rc tic  by  all 
th e  defin itions). W hile c o n d itio n s  vary th ro u g h o u t 
the  A rctic  as a w hole , they  a re  sim ilar along m ost 
o f  the  N orth  S lope. This p a p e r  deals principally  
w ith  facilities a n d  eq u ip m en t w hich are being 
m ain ta ined  and o p e ra ted  at P o in t Barrow .
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P o in t B arrow  is th e  n o r th e rn m o s t p o in t  o n  
th e  N o r th  A m erican  c o n tin e n t w here  p eo p le  reg­
u larly  live and  w ork. T he  e n v iro n m en t o f n o r th e rn  
A laska is a p a rticu la rly  h o s tile  o n e . D uring  th e  
w in te r  m o n th s , the th e rm o m e te r  m ay rem ain  in 
th e  -20  to  -40  F range fo r w eeks, and  has been  as 
low  as -56  F. T he h ighest re c o rd e d  te m p e ra tu re  is 
79 F, b u t th e  m ean average th ro u g h o u t th e  y ear is 
on ly  9 .8 °F . F eb ru ary  is th e  co ldest m o n th  o f  th e  
year, w ith  a m ean average te m p e ra tu re  o f  -1 7 .9 °F ; 
Ju ly  is th e  w arm est m o n th , w ith  a m ean  average o f  
37 .7° F. F o r nearly  h a lf  th e  days o f  the  y ea r, th e  
te m p e ra tu re  is 0 °F  o r  be low .
W inds o f  from  25 to  45 m iles p e r h o u r  are n o t  
in fre q u e n t, an d  w inds up  to  115 m iles p e r  h o u r  
have been  reco rded . H ow ever, d u rin g  an  average 
s to rm  th e  w inds are usually  a ro u n d  17 to  23 m iles 
per h o u r  an d  seldom  last lo n g er th a n  fro m  2 to  3 
days. W ith  freezing  te m p e ra tu re s  acco m p an ied  by  
w ind , care m ust be tak en  to  p ro te c t against th e  
hazard  o f  fro zen  flesh. A W ind C hill C hart, re la tin g  
te m p e ra tu re  in degrees o f  F a h ren h e it to  w ind  
ve loc ity  in m iles-per-hour, has been  developed  as a 
guide fo r th e  A rctic  an d  th e  A n ta rc tic . A te m p e ra ­
tu re  read ing  o f  -20° F  a c co m p an ied  by a 40-m ile- 
p e r-hou r w ind  show s on  th e  C hart as th e  equ iva­
lent o f  -8 5 °F  and falls in th e  area o f  Chill In dex  5, 
w here ex p o sed  flesh  will freeze in  less th a n  o n e  
m inu te .
T h is  is also  the  land  o f  the  m idn igh t sun a n d  
o f  th e  long  d a rk  n igh ts. A t B arrow  th e  sun  is above 
the  h o rizo n  co n tin u o u s ly  fro m  M ay 10 to  A ugust 
2 an d  is be low  th e  h o riz o n  c o n tin u o u s ly  fro m  
N ovem ber 18 to  Ja n u a ry  2 4 . A t C h ristm as tim e  at 
10 :30  in th e  m orn ing  it is ju s t ligh t en o u g h  to  see 
a sh o rt d istan ce , an d  by  2 :3 0  in th e  a f te rn o o n  i t  is 
again p itc h  dark .
F ro m  th e  first o f  Ju n e  to  th e  first o f  
RS eg tem b er th e  te m p e ra tu re  se ldom  falls  be low  
32 F. I t is during  th is  p e rio d  th a t  th e  a n n u a l th a w  
takes place. T he sn o w  lite ra lly  m elts  b e fo re  y o u r  
eyes, and  th e  w ater ru shes  to  th e  sea as i t  c a n n o t 
p e n e tra te  th e  mass o f  fro z e n  m ateria l ju s t  b e n e a th  
the  su rface. T he e n tire  a rea  becom es a soggy m ass 
in te rsp ersed  w ith  in n u m erab le  lakes and  sm all 
stream s. R ap id  e ro sion  o ccu rs  in  areas w here  th e  
tu n d ra  has been  dam aged . R u ts  le f t  by th e  passage 
o f  a single vehicle can  b eco m e  m in ia tu re  c a n y o n s  6 
feet w ide an d  12 fe e t d eep  in a m a tte r  o f  4 h o u rs  
o r less. A 200 -y ard  s tre tc h  o f ro a d  at B arrow  has 
been  d ry  as a bone  at 5 p .m . an d  an h o u r  la te r  
covered  w ith  2 fee t o f  ru sh in g  w ater.
A fte r th e  first o f  S ep tem b e r th e  freeze  begins 
again, and  b y  th e  first o f  O c to b e r  th e  sum m er 
thaw  has been  refrozen . T h e  firs t snow fall usually  
occurs a ro u n d  the  firs t o f  O c to b e r  and as so o n  as 
the  tu n d ra  is covered  c ro ss-co u n try  travel is again 
possible. By m id-D ecem ber, m ost o f  th e  lakes have 
developed  a su ffic ien t th ick n ess  o f  ice to  su p p o rt
even the heaviest tra c to rs . W henever th e  w ind  
exceeds a ve loc ity  o f  8 m iles p e r  h o u r, th e  snow  
will m ove. D uring  the fall m o n th s , th e  w ind  
seldom  d ro p s  be low  th is figure. T he c o n stan t 
m ovem ent o f  th e  loose snow  ro u n d s  th e  frozen  
particles an d  th e  snow  packs so lid ly , so  th a t  it  is 
possible to  w alk anyw here  w ith o u t th e  a id  o f  skis 
o r snow shoes.
POINT BARROW NAVY RESEARCH SITE
The Naval A rc tic  R esearch  L a b o ra to ry  and  its 
su p p o rtin g  cam p are lo ca ted  on  th e  sh o re  o f  th e  
A rctic  O cean , a b o u t 4 m iles fro m  th e  E skim o 
village o f B arrow  an d  th e  ad jacen t se ttle m e n t o f 
B row erville. T he L a b o ra to ry  is o p e ra te d  by  the  
U niversity  o f  A laska u n d er c o n tra c t to  th e  O ffice 
o f Naval R esearch  and  is s itu a te d  on U .S . Naval 
P e tro leum  and  Oil Shale Reserve N u m b er F ou r.
T he cam p, w h ich  to d a y  is o p e ra te d  in  su p p o rt 
o f the  L a b o ra to ry , was o rig inally  b u ilt  by  the  
Seabees in  1944, to  be u sed  as th e  base cam p from  
w h ich  to  exp lo re  th e  p e tro leu m  p o te n tia l o f  PE T  
4, as the  N avy’s p e tro leu m  reserve is called. T he 
ex p lo ra tio n  o f P E T  4 c o n tin u e d  u n til 1953. T he 
O ffice o f  Naval R esearch  began  its  A rc tic  research  
fu n c tio n s  a t P o in t B arrow  in 1947 , using  the  PET  
4 cam p as its base; and  in  1954 th e  A ir F o rce  to o k  
over the  o p e ra tio n  o f th e  c am p  as its  base o f 
o p e ra tio n s  fo r c o n s tru c tio n  o f  the  DEW Line 
(D istan t Early  W arning) s ta tio n s  across n o rth e rn  
A laska. T he  m odu les w h ich  m ade  up  th e  various 
s ta tio n s  w ere fab rica ted  a t th e  B arrow  cam p and , 
during  th e  w in te r m on ths , s ledded  across the  
tu n d ra  to  th e ir  respective  sites. In  re tu rn  fo r the  
use o f th e  Navy cam p, th e  A ir F o rce  agreed to  
su p p o rt th e  N aval A rc tic  R esearch  L a b o ra to ry  
w hich , a t th a t  tim e , h a d  a s ta f f  o f  a b o u t 10 
peop le . T he  L a b o ra to ry  to d a y  has a year-round  
s ta ff  o f nearly  100 p eop le , w h ic h  is increased  to  
a b o u t 2 0 0  du ring  th e  sum m er m o n th s .
The cam p consists o f  n e a rly  100 build ings, 
m ost o f  w h ich  are  the  o rig inal Q u o n se ts  e rec ted  by 
th e  Seabees in 1944, (See F igure  1). These 
build ings are used  as d o rm ito rie s , fam ily  q u arte rs , 
m ess hall, shops, w arehouses, fire  s ta tio n , bo iler 
p lan t, pow er p la n t, lau n d ry  an d  d ry  c lean ing  p lan t, 
w a te r d istilla tio n  and  t re a tm e n t  p lan t, and  o th e r 
service facilities. The new  R esearch  L a b o ra to ry  
build ing , d e d ic a te d  in 1969 , is a m o d ern  s tru c tu re  
o f  4 5 ,0 0 0  square  feet in  3 co re  u n its  an d  7 wings. 
T here  are ro o m s fo r sleeping  86 peop le , 41 
com ple te  la b o ra to ry  u n its , a n d  service an d  ad­
m in istra tive  space. T he b u ild in g  is th e  la test w ord 
in  A rctic  c o n s tru c tio n , res ting  o n  557  piles set 15 
fee t in to  the  p e rm a fro s t, w ith  a m in im um  o f  18 
inches open  airw dy b e tw een  th e  g ro u n d  an d  the  
b o tto m  m em bers o f  th e  bu ild ing . A d jacen t to  the  
cam p is a 5 ,0 0 0 -fo o t a irs tr ip ; 5 m iles to  th e  so u th
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Figure 1. Naval Arctic Research Laboratory, summer 1969.
is a small n a tu ra l gas field w ith  5 p roducing  wells; 
and 1 mile to  the east o f the  cam p  is the  DEW 
Line S ta tion  designated  as POW-Main.
As the A ir Force su p p o rt c o n tra c to r  at Poin t 
Barrow , H olm es & N arver m ain ta ins and opera tes 
m ost o f the  facilities. A p p ro x im a te ly  40%  of the  
buildings in the cam p are assigned to , and are 
under the co n tro l of, the  Naval A rc tic  Research 
L abo ra to ry , whose personnel do m ost of the  
m ain tenance on these s truc tu res . H olm es & Narver 
is called u p o n  from  tim e to  tim e to  ex ecu te  certain  
special m ain tenance  and repair p ro jec ts  for the  
L abo ra to ry  and to  provide special su p p o rt to  the  
DEW Line S ta tion , the  Federal A viation  A gency, 
the U. S. W eather B ureau, the U. S. Public H ealth  
Service, th e  Bureau o f Indian  A ffairs, and th e  
Alaska S ta te  Police w hose rep resen ta tives are 
located  in B arrow  Village.
PREVENTIVE MAINTENANCE 
AND WORK CONTROL
H olm es & N arver has estab lished  an engi­
neered Preventive M ain tenance P rogram  at Poin t 
Barrow , as a t its o th e r  o p e ra tio n a l sites, w hereby  
qualified personnel m ake period ic  scheduled in ­
spections o f  facilities and eq u ip m en t and co rrec t 
m inor deficiencies. M ore ex tensive repair re ­
qu irem en ts are rep o rted  by  the  Preventive M ain­
tenance  personnel to  th e  P ro jec t Engineer fo r 
scheduling under th e  m aster W ork C o n tro l Plan.
Because of th e  rugged clim ate a t B arrow , an 
ino rd in a te  a m o u n t o f w ork  p lann ing  is necessary. 
W ork plans m ust be flexible so th a t  if adverse 
w eather in te rfe re s  w ith  certain  schedu led  w ork , 
the crews can be sh ifted  to  o th e r  p roductive  
endeavors. It is th e  po licy  to  p a in t o ne-th ird  o f  the 
ex te rio r and  in te rio r build ing surfaces each year. 
O bviously, e x te r io r  pa in ting  during  the  rigorous 
w in ter m on ths  is p ractically  im possible, so this 
w ork is schedu led  fo r th e  relatively  sh o rt sum m er. 
But even th en , schedu les can be d isru p ted  by 
adverse w eather, and  pain ting  crew s m ust be 
m oved inside.
BUILDINGS AND STRUCTURES
In co n s tru c tin g  build ings in th e  A rctic , es­
pecially those  w h ich  are to  be h ea ted , it has been 
learned  b y  experience  th a t  m any m ethods used in 
the  tem pera te  zones are n o t applicable. A ny 
heated  bu ild ing  co n stru c te d  in a perm afro st area, 
even th o u g h  b u ilt on a gravel pad, m ust also have 
adequate  air c ircu la tio n  u n d e rn ea th . O therw ise, it 
will be su b jec ted  to  d iffe ren tia l se ttling  in  a very 
sho rt tim e. H eat from  buildings will m elt th e  ice 
wedges o r the frozen  ground  fo r several feet 
im m edia te ly  b e n e a th  th e  buildings. As m uch  as 2 
fee t o f se ttle m en t has been n o ted  in  a 30- by  60- 
fo o t h ea ted  bu ild ing  w ith in  a period  o f 12 m onths. 
T o  overcom e th is  p rob lem , h ea ted  build ings have 
been  p laced on  piles in o rd er to  gain su ffic ien t 
elevation to  p e rm it a n a tu ra l c ircu la tion  o f air 
under th e  build ing. U sually a 1-1/2- to  3-foo t clear
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a ir space u nder th e  b u ild in g  is a d e q u a te  a n d  very 
e ffec tiv e  in  p reven ting  s e ttle m e n t.
U n tre a te d  w o o d en  piles have b e e n  fo u n d  to  
be  m ore sa tisfac to ry  a n d  ec o n o m ica l th a n  steel 
piles, as w ood  do es  n o t d e te r io ra te  in  th e  A rc tic . It 
is also m ore s a tis fa c to ry  to  auger ho les f o r  th e  
p iles ra th e r  th a n  try in g  to  drive th e m  in to  th e  
fro z e n  g round . A  gravel and w a te r s lu rry  ta m p e d  
a ro u n d  each  pile sets u p  very  rap id ly  in freez ing  
w e a th e r  an d  an ch o rs  th e  pile t ig h tly . T h e  b e s t tim e  
to  auger and set p iles is, o f  co u rse , d u rin g  the  
w in te r  m on ths.
Even u n h e a te d  bu ild in g s a n d  s tru c tu re s  sh o u ld  
n o t  be set d irec tly  o n  p e rm afro s t. A  gravel pad 
fro m  3 to  4 fee t th ic k  shou ld  f irs t be laid  as 
p ro te c tio n  fo r th e  f ro z e n  g round .
O th e r  th an  p ro v id in g  su ff ic ie n t in su la tio n  in 
h e a te d  build ings (w alls , ro o f, and  flo o r)  to  help  
o ffse t th e  120° to  1 3 0 °F  te m p e ra tu re  d iffe re n tia l 
b e tw e e n  the  inside a n d  th e  o u ts id e  o f  the  b u ild ing , 
g o o d  n o rm al b u ild in g  p rac tices , w ith  o n ly  a few  
m in o r ex cep tio n s , a re  q u ite  accep tab le  in  th e  
A rc tic .
D ouble- o r  trip le -p an e  w in d o w s sh o u ld  be 
used , an d  fo r m ost b u ild in g s  it  is g o o d  p rac tice  to  
p rov ide  a 2 -doo r e n tra n c e w a y  sim ilar to  th e  
“ s to rm  d o o rs” used  in  th e  co ld  areas o f  “ th e  low er 
4 8 ,”  as the orig inal 4 8  s ta te s  are called. O th e r 
good  p ractices, p a rticu la rly  fo r  living q u a rte rs , are 
to  hang  the  o u ts id e  d o o rs  to  o p en  in w ard , so  th a t  
d r if tin g  snow  will n o t  p rev en t th e  d o o r  fro m  being  
o p e n e d , and to  in c lu d e  a v a p o r b a rr ie r  w ith in  th e  
shell o f  th e  build ing .
ROADS
M uch o f th e  c o n s tru c tio n  w o rk  in th e  A rc tic  
m ust be  acco m p lish ed  180° o u t o f  phase w ith  th e  
tim e  it is d o n e  in  th e  low er 4 8 . T he  w in te r 
m o n th s , no t th e  sp rin g  and  su m m er, are th o se  in 
w h ich  m uch o f  the  w o rk  m u st be sch ed u led . I t is 
d u rin g  th e  w in te r  th a t  m ate ria l an d  e q u ip m e n t can 
be m oved across th e  snow -covered  su rface  w ith o u t 
fear o f  dam aging th e  tu n d ra , o r o f  g e ttin g  m ired  
d o w n  in m ud a n d /o r  w ater. W in ter, o r th e  early  
sp ring  before  th e  th a w , is th e  tim e  to  b u ild  roads 
and  pads and  b u ild in g  sites, so th a t  w o rk  can be 
c o n tin u e d  above th e  w ater and m u d  d u rin g  th e  
su m m er m on ths.
T h e  w rong  w ay  to  b u ild  a ro ad  acro ss th e  
tu n d ra  is to  d ig b o r ro w  d itch es  a lo n g  e a c h  side o f 
th e  righ t o f w ay, b e rm in g  u p  th e  b o rro w  in th e  
m idd le , as is f re q u e n tly  d o n e  in th e  lo w e r 48 . If 
th is m e th o d  is a t te m p te d  in  th e  A rc tic , a n d  it has 
been  tried  w ith  u n sa tis fa c to ry  resu lts , th e  “ ro a d ” 
will en d  up in  the  su m m e r as a soggy, im passab le  
quagm ire  b e tw een  2 w ide canals. T he  m o st p rac ti­
cal m e th o d  o f  ro a d  b u ild ing  in th e  A rc tic  is to  
leave the  tu n d ra  a b so lu te ly  u n b ro k e n  a n d , during
the f ro z e n  p e rio d , to  cover i t  w ith  a layer o f  coarse  
gravel a t least 6 inches th ic k e r  th a n  the  m ax im u m  
thaw . O n to p  o f  th is  gravel, f ro m  12 to  18 inches 
of f in es  (sands an d  clays) are sp read  a n d  com ­
pac ted  in to  a good , ha rd , ro ad  surface. T h e  to p  
layer becom es reaso n ab ly  im perv ious to  su rface  
w ater, w hile  th e  b o t to m  * lay er rem ains coarse  
en o u g h  to  p reven t u p w ard  cap illa ry  a c tio n  o f  
g ro u n d  w a te r du ring  th e  su m m e r an d  p e rm its  th e  
d ra in ing  o ff  o f  a c cu m u la tin g  m o istu re  d u rin g  th e  
w in ter. F u r th e rm o re , th e  f ro s t  line  a t th e  peak  o f  
the th a w  will be in  th e  gravel above th e  o rig inal 
su rface, an d  ice w edges in th e  tu n d ra  w ill rem ain  
frozen  th e  y e a r  ro u n d . A ro a d  b u ilt in th is  m an n er 
is n o rm a lly  usable  12 m o n th s  o f  th e  year.
T h e  sam e p recep ts  h o ld  tru e  fo r c am p  sites, 
d rilling  sites, ru n w ay s, o r a n y  o th e r  sites o n  w h ich  
it is desired  to  m ove a b o u t th ro u g h o u t th e  year. 
G ravel pads th ick  en o u g h  to  k e e p  the  f ro s t  line 
above th e  o rig inal su rface  m u st be  b u ilt u p  above 
the  su rface  o f  th e  o rig inal g ro u n d .
In  th e  m ain ten an ce  o f  ro ad s  a t P o in t B arrow , 
H olm es & N arver has m ade it a p rac tice  to  scrape 
o ff th e  snow  b e fo re  the  sp rin g  th aw  so as to  
e lim ina te  as m uch  m o is tu re  as possible fro m  th e  
road  b e fo re  th e  heavy  ru n o ff . In  a n tic ip a tio n  o f  
road  repa irs , gravel fro m  th e  n ea rb y  lake sho re  is 
h au led  and  s to ck p iled  b e fo re  th e  g ro u n d  has 
th aw e d . T he tim ing  is m a n d a to ry , as it is necessary  
to  c ro ss th e  tu n d ra  to  re a c h  th e  gravel p i t ,  and  it 
w o u ld  be im possib le  to  d o  any  h au lin g  over 
th aw e d  g round . D uring  p a s t years , th e re  has been  
conside rab le  tro u b le  in th e  m ain te n a n c e  o f  th e  
ro ad  fro m  th e  cam p  to  B a rro w  Village. T h is  p as t 
w in te r, th e  road  was fu r th e r  e levated  th e re b y  
acco m p lish in g  2 th ings: av o id an ce  o f  sn o w  d rif ts , 
and  co n sid e rab ly  dec reased  ro ad  rep a irs  in  th e  
spring.
AIRFIELD
T he a irfie ld  a t P o in t B arrow  co n sis ts  o f  a 
5 ,0 0 0 -fo o t ru n w a y , ru n w a y  ligh ts , te rm in a l b u ild ­
ing, a w arehouse , 2 hangars (1 c o n s tru c te d  th is  
y e a r) , and  PO L d ispensing  u n its . This f ie ld  is used  
by  th e  7 a irc ra ft o p e ra te d  b y  the  N aval A rc tic  
R esea rch  L a b o ra to ry  an d  b y  m ilita ry  a irc ra ft 
ca rry in g  o ffic ia l v isito rs a n d  resu p p ly  cargo . T h ere  
is a n o th e r  a irs trip  a t B arrow  Village, o p e ra te d  by  
th e  s ta te  o f  A laska, w h ic h  is n o rm a lly  used  by  
c o m m erc ia l a irc ra f t; b u t  o f te n  w e a th e r p reven ts  
th e  use o f  th is  fie ld , an d  th e  co m m erc ia l a irc ra ft 
th e n  use th e  P o in t B arrow  a irs tr ip , un less it a lso  is 
c losed .
T he  ru n w ay  at P o in t B arrow  w as su rfaced  
w ith  n o n p ie rc ed  steel p lan k in g  fo r 80%  o f  its 
le n g th  2 years  ago and  c o m p le te d  fo r its  fu ll len g th  
in  th e  sum m er o f  1969. B ecause o f  th e  sm o o th n ess  
o f  th e  p lank ing , a irc ra ft land ings w ere so m ew h at
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hazardous, particu larly  in a crossw ind. F o r this 
reason , in the  sum m er o f  1970 the steel planking 
was coated  w ith  “ D urapox ,”  an  ep o x y  nonskid  
surfacing com pound . Because o f  tem p era tu re  limi­
ta tio n s , it was necessary to  apply  th is  m aterial 
before  freezing w eather in o rd e r to  o b ta in  p roper 
adherence to  the  steel plate. Snow  Removal from  
the  runw ay does no t p resen t m uch o f  a problem , 
as the  runw ay configu ration  and  elevation do  not 
induce large d rifts . By using a grader to  scrape the 
snow  in to  w indrow s and  th en  blow ing it o ff  the 
runw ay  w ith  a snow blow er, the runw ay can 
usually  be cleared in ab o u t 2 hours a fte r  a severe 
s to rm .
POWER GENERATION AND DISTRIBUTION
Power genera tion  in the  A rctic is basically no 
d iffe ren t from  anyw here else in  the w orld. Diesel- 
driven units perfo rm  qu ite  ad eq u ate ly . N aturally , 
all un its m ust be ap p ro p ria te ly  housed , and care 
m ust be taken  to  assure th a t the  cooling system s 
o f reciprocal engines are n o t exposed  to  the  
e lem ents and  th a t  the  flow  o f a ir around  the 
rad ia to rs  can be con tro lled  and  kep t from  becom ­
ing unduly  chilled. T urb ine-driven  genera to rs are 
com ing in to  use m ore and m ore, n o t on ly  in the  
tem pera te  areas bu t also in th e  A rctic . These units 
are no t so e ffic ien t as a diesel engine unless th e  
exhaust heat is u tilized ; if it is, th ey  are m ore 
efficient.
The m ain pow er p lan t a t Point Barrow has 4 
Cleveland diesel engines, each  driving a 350 kw 
generator. T hese units were orig inally  designed fo r 
W orld War II subm arines. T he  p lan t was built in 
1949, at w h ich  tim e 3 un its  were p laced on th e  
line. In 1955 these u n its  w ere converted  to  dual 
fuel (diesel/gas) prim e m overs in o rder to  bu rn  
na tu ra l gas, w hich  is read ily  available from  th e  
nearby  gas fie ld , and thus  reduce th e  dem and fo r 
diesel fuel, w hich  m ust be shipped in by  barge 
once a year. T he fo u rth  diesel un it was converted  
to  gas o p e ra tio n  and p u t on th e  line in February  o f  
th is  year. In January  1969, a 750 kw genera to r, 
pow ered by a gasdriven SO LA R tu rb ine , was 
placed on th e  line and relieved th e  shortage o f 
electric pow er. The peak pow er dem and  at Poin t 
Barrow  has been  over 1200 kw, w ith  th e  average 
fo r the  w in ter m on ths sligh tly  under 1000 kw, and  
in the  sum m er around  600  kw. M uch o f  the  tim e  
during the  sum m er m on ths enough pow er could be 
generated  w ith  only th e  tu rb in e  u n it b u t, since th is  
ia tem p o rary  insta lla tion  an d  as ye t no use is m ade 
o f the  exhaust heat, a t least 1 o f  Cleveland un its  
m ust be in o p era tio n  at all tim es in  o rder to  keep  
th e  pow erhouse and the  engine coo lan t su ffi­
cien tly  w arm . There is a n o th e r  sm all pow er p lan t 
in th e  n a tu ra l gas field som e 5 m iles from  cam p. 
This p lan t has a gas-fueled genera to r and a
diesel-driven s tandby  un it w hich prov ide pow er fo r 
the gas field only.
E lectrical d is tribu tion  lines consist o f ap­
prox im ate ly  42 ,0 0 0  feet o f p rim ary  overhead and
24 .000  feet o f  p rim ary  underg round  at 2400  volts. 
Secondary d istr ib u tio n  lines carry ing  220/1 10 
volts to ta l abou t 8 ,700  feet o f  overhead. N o 
particu lar m ain tenance  p roblem s have been  ex ­
perienced w ith  these  lines, e x c ep t for the  d if­
ficu lty  o f w orking outside on  a pole during  the  
w inter.
WATER SUPPLY
A t first th o u g h t, it may seem  surprising th a t 
one o f  the  m ajor problem s in th e  A rctic  is th e  
developm ent and m ain tenance o f  an adequate  
supply o f po tab le  w ater. Wells a re , of course, o u t 
of the  question  in deep perm afro st. T he Eskim o 
m ethod  o f cu tting  and  storing b lo ck s o f ice from  a 
fresh w ater lake, o r from  the  to p  of a relatively 
salt-free layer o f ocean ice, is also o u t o f the  
question  if a substan tia l q u a n tity  o f  w ater is 
required.
The best source of fresh w a te r  in th e  A rctic  is 
a fresh  w ater lake o r a large river, w hich does n o t 
freeze to  the  b o tto m  in w inter. A t Point Barrow , a 
lake m ust be at least 9 feet deep  to  assure its n o t 
freezing solid.
Piping w ater is an o th e r p rob lem . B urying the  
w ater lines in the  ground to  keep th em  from  
freezing, as is freq u en tly  done in  the  low er 48 , is 
defin ite ly  unsuccessful in the A rctic . T he m ethod  
m ost used to  da te  is to  run  th e  w ater lines in 
insulated heated  utilidors or tunnels. Heavily 
insulated pipes can  be used above g round , p ro ­
vided the w ater in the  pipe is c o n s tan tly  flow ing at 
a rap id  ra te , or if  heat tape is installed  along the 
pipe inside the insu lation . S to rage tanks, filter 
system s, and  pum ps m ust be housed  in heated  
shelters to  keep th em  from  freezing.
At P o in t B arrow , w ater fo r  the cam p and 
L abo ra to ry  is d raw n  from  a fresh w ater lake 
ad jacent to  the cam p  and p u m p ed  app rox im ate ly
1.000 feet to  th e  boiler house for f iltra tio n  or 
d istillation . In 1963, the lake was co n tam ina ted  
w ith  sea w ater du ring  a severe s to rm , and  2 A qua 
Chem  d istillation  un its  were insta lled  to  pu rify  the 
w ater. By D ecem ber o f 1969, th e  saline co n ten t 
had d ropped  to  an accep tab le  level, and the 
d istilla tion  units w ere shu t d ow n . Because o f  the 
very light snow fall in the  fall o f  1969, the  lake ice 
reached a record  th ickness o f  89  inches by April. 
As the lake is o n ly  a little  over 9 feet deep, the 
cam p had a restric ted  supp ly  of. w ater w ith 
increased saline c o n te n t to  d raw  on. I t therefo re  
was necessary to  reactivate th e  d istilla tion  units.
W ater lines from  the  lake to  the boiler house, 
and  from  there to  the k itch en , d ispensary , show er
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ro o m , and  lau n d ry  ru n  in s team -h ea ted  u tilido rs . 
W ater to  the  new  L a b o ra to ry  bu ild ing  is p ip ed  in  a 
3-inch above-surface c o p p e r line , w rapped  w ith  
e lec trica l h ea t tape and encased  in 4 inches o f 
in su la tion . T here  is fresh  w a te r  sto rage  cap ac ity  o f  
som e 9 0 ,0 0 0  gallons in th e  b o ile r  house , w hich  
feeds the  d is tr ib u tio n  lines. All o th e r  bu ild ings 
have ind iv idual in te rn a l w a te r  system s, consisting  
o f  100- o r 250-gallon  ta n k s  w ith  p ressu re  pum ps 
o r gravity  flow . T he tan k s  are filled  da ily  fro m  a 
2000-gallon  h ea ted  ta n k  tru c k .
SEWAGE DISPOSAL
T he usual m e th o d  o f  disposing o f  sewage 
(o th e r  th an  sink an d  b a th w a te r)  in  the A rc tic  has 
been fo r m any  years, and  still is, th e  w ell-know n 
“ h o n e y b u c k e t.” T he  h o n e y b u c k e ts  are em p tied  
in to  55-gallon oil d ru m s a n d  the  d rum s hau led  to  
som e shallow  lake o r  dep ression  a n d  ab an d o n ed . It 
does n o t ta k e  m uch  im ag in a tio n  to  visualize th e  
“ fo re s t” o f  these o il d ru m s in  the  v ic in ity  o f 
B arrow  Village. A tte m p ts  have b een  m ade to  h au l 
the  barrels o u t  on th e  sea ice in  the  w in te r, w ith  
the  e x p e c ta tio n  th a t  th ey  w ou ld  sink  w h en  th e  ice 
b roke  up, b u t  u n fo r tu n a te ly  th e y  to o  o f te n  w ould  
up  back  on  th e  b e a ch  w hen  th e  ice e ith e r  d rif te d  
o r was fo rced  to  sh o re  by  th e  w inds, resu ltin g  in  a 
w orse mess th an  if  the  barre ls had  b een  hau led  
in land  in th e  first place.
P o llu tio n  c o n tro l is a ttra c tin g  m u ch  pub lic  
a tte n tio n  th ro u g h o u t th e  w orld , and  th e  A rc tic  is 
n o t e x e m p ted . In d u stry  on  th e  N o rth  S lope is 
u n d e r the  gun , and  all new  in sta lla tio n s  in  th is area 
m ust prov ide fo r a d e q u a te  d isposal o f sewage and  
w aste.
Sewage p lan ts  can b e , and  have been , used  
successfully  in th e  A rctic . Sewage lagoons are 
sa tis fac to ry , p rov ided  th e y  have a d e p th  o f  a t least 
9 fee t. T he new  N aval A rc tic  R esearch  L a b o ra to ry  
at P o in t B arrow  is a m o d ern  bu ild ing  w ith  flush  
to ile ts . A ll sewage fro m  th is bu ild ing  passes 
th ro u g h  a c h o p p e r and  is th en  d ischarged  th ro u g h  
a w ell-insu lated  h e a te d  line  in to  the  b o t to m  o f  a 
nea rby  salt w ater lagoon , w hich  is fro m  9 to  10 
fee t deep. T he lagoon  is covered  w ith  ice fo r  9 
m o n th s  o f  th e  y ear and  du ring  th e  o th e r  3 m o n th s  
is flu shed  b y  the  6 -inch  tid es  o f  the  A rc tic  O cean. 
A fte r well over a y e a r  in o p e ra tio n , w a te r  sam ples 
ind ica te  th is  to  be  p e rfo rm in g  as an  excellen t 
sewage lagoon.
T here  are several m e th o d s  o f  sewage disposal 
used fo r th e  o th e r  less-m odern  build ings com ­
prising th e  P o in t B arrow  cam p. A ll e fflu en t w astes 
from  the  k itc h e n , d ispensary , lau n d ry , bo ile r 
p lan t, an d  show er ro o m s flow  th ro u g h  pipes 
lo ca ted  in  s team -h ea ted  u tilid o rs  an d  are dis­
charged in to  th e  ocean . M any o f  the  bu ild ings are 
equ ipped  o n ly  w ith  h o n e y b u c k e ts ;  how ever, m ost
o f  th e  bu ild ings u n d e r  c o n tro l o f  the  A ir F o rce  are 
eq u ip p ed  w ith  gas-fired a u to m a tic  in c in e ra to r  to i­
le ts  w hich  are b u rn e d  o u t a f te r  each  use. since the  
cam p  is b u ilt on  th e  beach , w ash  w a te r is sim ply 
d ra in ed  in to  th e  sand  u n d e r  th e  build ing , som e­
tim es, in  th e  early  spring, th e  ice bu ilds up  to  the  
p o in t w here it is necessary  to  th ro w  h e a t u n d er the 
bu ild ing  to  th aw  th e  a c cu m u la tio n  o f  ice. T h is is 
d o n e  using  p o rta b le  H erm an N elson h e a te rs  w ith  
single o r m ultip le  flex ib le hose lines ( “ e lephan t 
tru n k s ” ) to  d irec t th e  heat.
NATURAL GAS FIELD
T he S o u th  B arrow  G as F ie ld  is lo ca ted  ap­
p ro x im a te ly  5 m iles so u th  o f  the  cam p. A t the 
p resen t tim e, th e re  are 5 p ro d u cin g  w ells w hich  
supp ly  n a tu ra l gas fo r th e  P o in t B arrow  cam p and 
th e  DEW Line s ta tio n , an d  also  fo r th e  village of 
B arrow . N atu ra l gas is used  fo r h ea t and  fo r pow er 
gen era tio n .
Gas from  th e  wells is p ip ed  to  an  ad jacen t 
d is tr ib u tio n  ce n te r w here th e  w ell head  p ressure  of 
9 0 0  psi is red u ced  to  2 0 0  psi, and th e  gas is 
odo rized . T he cam p  is fed  th ro u g h  a 4-inch  line 
su p p o rte d  on  e m p ty  oil d rum s. This is an o ld  line 
in  w hich  there  are  no ex p a n sio n  loops, so in  the 
fall o f  th e  year, a f te r  th e  w arm  su m m er m o n th s , it 
is necessary  to  go along th e  e n tire  line and  rese t it 
o n  the  barrels. T he  line to  th e  village is a new  line 
co m p le ted  in 1968 , w h ich  is m o u n te d  on piles 
w ith  expansion  loops every 600  feet.
O ne o f th e  hazards o f  p ro d u cin g  gas th ro u g h  
p e rm afro s t is ice. If  a w ell p ro d u ces  an y  w ater at 
all, th ere  is the  c o n s ta n t possib ility  o f  the  well 
freezing  up. A t th e  S o u th  B arrow  F ie ld , the  wells 
are lu b rica ted  w ith  a lcoho l and  b low n  a t  least once 
every 2 weeks. T h e  a lcoho l m elts  any  accum ula­
tio n  o f  ice and  allow s th e  w a te r in th e  well to  be 
b low n  off. In  1 5 years o f  o p e ra tio n  o f  the  S ou th  
B arrow  F ie ld , th e re  has n o t  been  any case o f a well 
co m p le te ly  freez ing  up.
O ne o f th e  m ajor c o n s tru c tio n  e ffo r ts  of 
H olm es & N arver in th e  A rc tic  du ring  the  past 2 
years has been  th e  drilling  o f  a d d itio n a l gas wells 
in  the  S o u th  B arrow  F ie ld . In  th e  sp ring  o f 1969, 
Gas Well No. 8 was d rilled  an d  cam e in w ith  a 
p o te n tia l o f a p p ro x im a te ly  3 m illion  cub ic  fee t per 
day. G as Well N o. 9 was b ro u g h t in w ith  a 
p o te n tia l o f 7 .8  m illion  cub ic  fe e t per d ay  in 1970. 
These wells are re la tive ly  shallow ; fro m  2 ,3 0 0  to  
2 ,5 0 0  fee t in d e p th . It tak es  longer to  p repare  for 
th e  drilling  th a n  it does to  ac tu a lly  d rill th e  well. 
T he drill rig is an  old C ardw ell M odel H un itized  
ro ta ry  rig w ith  d oub le  d ru m , p o w ered  b y  a D -8800 
C aterp illa r engine. T he  d e rrick  is an 80 -foo t 
A m erican  S ta n d ard  D errick  re in fo rced  w ith  4-inch 
drill p ipe. T his e q u ip m e n t w as left over fro m  the 
Navy drilling  days du ring  W orld War II. T he rig is
U M R  Journal, No. 2 (June 1971)
Maintenance and Operation of Facilities and Equipm ent 51
m o u n te d  on ru n n ers  an d  is usually  sk id d ed  o f f  the 
s ite  u p o n  c o m p le tio n  o f  th e  well to  an a lready  
p rep a red  gravel pad a t th e  site  o f  the  n e x t well.
P re p a ra to ry  w ork  fo r th e  d rilling  o f a new 
w ell begins w ith  sk idd ing  th e  drill rig to  th e  new  
s ite  du ring  th e  season p rio r  to  th e  d rilling  period . 
A t the  beg inn ing  o f  th e  new  drill season , w hen 
su ff ic ie n t snow  has a c cu m u la ted  to  p ro te c t  the  
tu n d ra , a snow  road  is c o n s tru c te d  to  th e  new 
drilling  site. A b o u t la te  Ja n u a ry , e q u ip m e n t for 
th e  drilling  o p e ra tio n  is m oved  to  th e  drill rig area. 
T he  m u d  pum ps, m u d  tan k s , po w er p lan t, w ater 
tanks, cem en t pum ps, bo ile r, shop , a n d  o th e r  small 
bu ild ings are all m o u n te d  on  sk ids fo r ease o f 
m oving to  th e  site. M ost o f  th e  bu ild ings are 
h ea ted  w ith  o il-fired  space  hea te rs . T he well is 
usually  sp u d d ed  in early  in A pril an d , w ith  the  
shallow  d e p th , drilling  is c o m p le ted  in  from  3 to  4 
weeks. The rig  is c o m p le te ly  enclosed  w ith  canvas 
and  eq u ip p e d  w ith  3 steam  fo rced  air hea te rs  o n  
th e  rig floor an d  3 u n d e r  th e  floor. D uring  drilling  
opera tio n s , th e  drill crew s can w o rk  on  th e  floo r 
qu ite  c o m fo rta b ly  w ith o u t e x tra  heavy  c lo th ing . 
In  th e  P ru d h o e  Bay area, th e  d rill rigs are n o t 
to ta lly  enclosed , an d  th e  crew s w o rk  on  th e  floo r 
w ith o u t b e n e fit o f  h ea t. T h e  feeling a t P rudhoe  is 
th a t th e  h azard  o f gas ac cu m u la tio n  in an enclosed  
rig is to o  g rea t. H ow ever, a t B arrow  during  drill 
stem  tes ts  a n d  o th e r  occasions su scep tib le  to  gas 
accu m u la tio n , all d o o rs  o f  th e  rig a re  o p en ed , and  
there  has b een  no  p ro b lem  in m ain ta in in g  ad e­
qua te  ven tila tio n .
A n o th e r  one o f  th e  p rob lem s w ith  drilling fo r  
oil o r  gas in  th e  A rc tic  is th e  cem en ting  o f  casing 
in th e  p e rm afro st. T his last sp ring , H olm es & 
N arver sw itched  fro m  ty p e  G ce m e n t to  F o n d u  
cem en t (specially  deve lo p ed  fo r p e rm a fro s t areas) 
and h a d  ex ce llen t resu lts .
W hen th e  well is c o m p le ted , th e  d rill rig is 
m oved o ff to  a new  site ; bu ild ings and  e q u ip m e n t 
are sk idded  back to  sto rage  p ad s ; and  a well- 
in su la ted , e lec trica lly -h ea ted  w ell h o u se  (p re fa b r i­
cated  in th e  cam p c a rp e n te r  sh o p ) is p laced  ov er 
the w ell head . T he w ell is c o n n e c te d  to  th e  m ain  
d is tr ib u tio n  cen te r w ith  a 2 -inch  line flow  line 
m o u n ted  o n  pipe su p p o rts  above g round .
HEATING SYSTEMS
A d eq u a te  h ea ting  system s are  o f prim e im ­
p o rtan ce  in  the  A rc tic , n o t  on ly  to  susta in  life b u t  
also to  p rov ide  a rea so n a b ly  c o m fo rta b le  living an d  
w ork ing  en v iro n m en t. T h is in tu rn  p ro m o tes  th e  
efficiency  o f  th e  w ork  fo rce. Several types  o f 
space h ea te rs  are used  e ffec tive ly  a t P o in t B arrow . 
Buildings are  eq u ip p e d  w ith  f ix ed  h e a te r  in sta lla ­
tio n s ; m ost o f  th e m  are n a tu ra l gas-fired , a lth o u g h  
som e are dual fu e l (d iesel/gas) o p e ra ted . T e m ­
po rary  s tru c tu re s , such  as th e  rig accessory  b u ild ­
ings used  in  co n ju n c tio n  w ith  th e  d rilling  o f a gas 
well, are h e a te d  w ith  ind iv idual d iesel-fired  c ircu la ­
to r- ty p e  stoves. E x tensive  use is m ade o f  p o rtab le  
H erm an  N elson  h ea te rs  w ith  “ e le p h a n t tru n k s ”  to  
feed h ea t to  desired  lo ca tio n s  su ch  as a t th e  gas 
well d rilling  rig, a irc ra ft cab ins, an d  o th e r  lo ca tio n s  
n o t req u irin g  o r  n o t  su scep tib le  to  p e rm an en t 
in sta lla tions . T he b o ile r  p lan t p rov ides steam  h ea t 
for u tilid o rs , th e  galley , an d  th e  lau n d ry  and  d ry  
cleaning p lan t. M ain tenance  p ro b lem s w ith  these  
h ea tin g  system s d iffe r  very  little  fro m  those  w ith  
sim ilar ty p es  o f  h ea tin g  system s in  less rigorous 
env ironm en ts .
REFRIGERATION
A lth o u g h  th e  A rc tic  fo r nearly  9 m o n th s  o f 
the  year is one big “ deep  freeze ,”  it is still 
necessary to  o p e ra te  s ta n d a rd  ty p e  freezers fo r 
co n tro lled  re frig e ra tio n  o f  fo o d  supp lies and  fo r 
uses in th e  R esearch  L a b o ra to ry . T he cam p  freezer 
and cold storage fac ilities  are com p o sed  o f  a 
re frig e ra tio n  b u ild ing  co n ta in in g  8 p re fa b ric a te d  
b oxes to ta llin g  10 ,800  cub ic  fee t, 3 p re fa b ric a te d  
b oxes ad jacen t to  th e  D ining Hall con ta in ing  
ap p ro x im ate ly  4 ,0 5 0  cub ic  fee t, and  m iscellaneous 
reach-in  b o x es  in the  D ining H all p ro p er. A gain, 
m a in ten an ce  p ro b lem s are sim ilar to  th o se  in 
loca tions  o u ts id e  th e  A rc tic . A n a lte rn a tiv e  to  th e  
use o f  c o n v en tio n a l freezers, if  it  b ecom es neces­
sary , is th e  s to rage  o f  fro z e n  fo o d  in  u n d e rg ro u n d  
p its  excava ted  in  th e  p e rm a fro s t. A n  old cellar is 
cu rren tly  being  used  a t P o in t B arrow  fo r  th e  
p rese rvation  o f fo o d  fo r  an im als u n d e r  s tu d y  by  
th e  Naval A rc tic  R esea rch  L a b o ra to ry .
PETROLEUM, OILS, AND LUBRICANTS (POL)
The PO L system  a t P o in t B arrow  is com prised  
o f  storage tan k s, tra n sfe r  lines, pum ping  s ta tio n s , 
f il te r /se p a ra to r  s ta tio n s , and su p p o rtin g  a p p u r­
ten an ces  fo r A v ia tion  G asoline (A V G A S ), M o to r 
G asoline (M O G A S), a n d  Diesel O il. A V G A S fill 
facilities are lo ca ted  o n  th e  ram p  a t the  a irs trip . 
D iesel o il is tra n sfe rre d  by  p ipeline  from  th e  b u lk  
sto rage ta n k  fa rm  to  service sto rage  tan k s  w ith in  
th e  C am p area, an d  to  th e  DEW L ine s ta tio n . T he  
ta n k  fa rm  is an  a rran g em en t o f  five 4 2 7 ,0 0 0 -g a llo n  
tanks. M ain tenance  p rac tices  fo r th e  PO L system  
are  p rac tica lly  th e  sam e as in w arm er geograph ical 
areas. T h e  m ajo r d iffe ren ce  in th e  o u ts ta n d in g  
sto rage o f  P O L  p ro d u c ts  in  th e  A rc tic  is th e  
n ecessity  to  add  a de-icer to  th e  tan k s  in S e p tem ­
b e r  b e fo re  th e  co ld  w e a th e r se ts in.
INSECT AND RODENT CONTROL
In m ost cam ps th ro u g h o u t th e  w orld , an  
in sec t an d  ro d e n t c o n tro l p rog ram  is a necessity .
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N ot so a t Point Barrow . R oden ts  are  n o n ex is ten t, 
and  insects are n o t a real p rob lem . A few  
m osqu itoes appear in  the  w arm  sum m er m on ths, 
b u t are not so n u m ero u s  as to  requ ire  m uch  in the  
w ay o f con tro l e ffo rt.
VEHICLES AND CONSTRUCTION EQUIPMENT
T his is n o t the land  o f  “ shade tree  m echan­
ics.” W ith the  ex cep tio n  o f  a few  days in the  
sum m er, all e q u ip m e n t m ain tenance  an d  repair 
m ust be done in w ell-heated  shops. The A rc tic  is 
n o t easy on e q u ip m en t o r its o p e ra tio n . F o r at 
least 9 m on ths of the  year, as m uch o f  the  
daily-use equ ipm en t as possible is k ep t inside 
warm  buildings w hen it is n o t in o p e ra tio n . If  a 
piece o f  equ ipm en t is left ou tside  overn ight in 
-3 0 °F w eather, even th o u g h  plugged in to  e lec trica l 
head bolts and  rad ia to r  heaters, it takes a m ini­
m um  o f  1 h ou r, and o ften  2 hours, to  w arm  it up 
w ith  the aid o f H erm an  N elson space heaters 
before it will o p era te  properly . V ehicles are never 
shut dow n w hen o u tsid e  during  th e  w in te r; th ey  
are k ep t runn ing  co n tin u o u sly . S om e o f  th e  trucks 
and pickups a t P o in t B arrow  m ay travel on ly  10 
miles a day, y e t th e ir  engines are runn ing  10 hours 
a day . This, of course, increases the  norm al 
m ain tenance and rep a ir  load . All ro lling  stock  is 
sub jec ted  to  p articu la rly  rough tre a tm e n t in the  
A rctic. P robably  th o se  giving the m ost tro u b le  are 
tra c to rs  and o th e r h y d rau lica lly -opera ted  equ ip ­
m ent w hich takes  tim e  to  w arm  up.
SUPPLY
E xcep t fo r  a rela tively  small q u a n tity  o f  open  
m arket purchases, a ll o f th e  supplies fo r th e  Po in t 
B arrow  cam p are req u is itio n ed  o n  the A ir Force.
O nce each  year, w hen  the  sea ice has b ro k en  up , 
Poin t B arrow  is resupp lied  by  barge fro m  S eattle  
and so u th e rn  A laska. T he barges deliver a full 
y ear’s supply  o f d ry  foods, PO L p ro d u cts , lum ber, 
pipe, pa in t, steel, e tc ., an d  m uch  of th e  frozen  
food  p roducts . T h eo re tica lly  the  cam p is supposed  
to  have a 2-year supp ly  o f  all necessities w hen th e  
barges depart. This prov ides a reserve against the  
possib ility  th a t  the  barges m ay n o t be ab le  to  get 
in th e  follow ing year. D uring the  sum m er o f  1969, 
th ere  was som ew hat o f a p ro b lem  in g e tting  barges 
in to  P o in t B arrow  and  P ru d h o e  Bay. O n Ju ly  27, 
1969, th e  ice will still packed  in against th e  shore 
o f P o in t Barrow , held  th e re  by  th e  w ind. A b o u t a 
w eek later, w ith  a sh ift o f  th e  w ind , the  ice m oved 
enough  to  let the barges in , b u t again m oved back , 
and it was n o t possible fo r th e  barges to  leave u n til 
the en d  o f August.
Shortages in supplies, such  as specially  re­
qu ired  repair parts, as well as fresh  m eats and  fresh  
p roduce , are sh ipped  in by  air from  E lm en d o rf A ir 
F o rce  Base in A nchorage a t a b o u t 10-day intervals. 
The A ir Force au th o rizes  a supp lem en ta l m eat 
allow ance o f  1/3 p o u n d  p e r m an per day  in the  
A rctic .
CONCLUSION
T his has been b u t a sh o rt ske tch  o f  a few  o f 
the p rob lem s a ttach ed  to  living and  w ork ing  in  the  
A rctic . M uch has been learned  ab o u t th is  rem o te  
and  hostile  area o f  th e  w orld ; there  is m uch  m ore 
know ledge and experience  requ ired , as has been  
d em o n stra ted  by th e  con troversy  su rround ing  the  
ro u tin g  and co n stru c tio n  o f the T rans-A laska 
Pipeline. M an’s progress depends n o t on ly  on  
m eans fo r his survival, b u t also on  deep ecological 
considera tions  and solid engineering.
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Arctic Pipelining— Tough, Costly, But Feasible
By
William H. Pearn 
In te rn a tio n a l C oord inato r 
Williams B rothers Engineering C om pany
ABSTRACT
The development of vitally important Arctic petroleum resources presents new and interesting challenges. 
Although the answers to some questions will undoubtedly undoubtedly go unresolved until considerable operating 
experience has accrued, we can improve our present insight through an awareness of the work performed by others 
under similar conditions. This presentation focuses on Soviet pipelining experience in arctic and subarctic regions of 
Siberia.
Discovery o f N o rth  A m erica’s largest oilfield, 
P rudhoe Bay, cam e a t a tim e  w hen oil p roduction  
from  trad itio n a l sources w ith in  th e  U n ited  S tates 
was dw indling. A t the  sam e tim e, o u r proven 
natu ra l gas reserves had  also begun to  decline.
T he U nited  S ta tes was n o t on ly  being forced 
in to  increasing dependence upon foreign supplies 
bu t its eventual ab ility  to  m eet overall fu tu re  
energy dem ands was questionable .
T he m o tivation  for p ro m p t developm ent o f 
these vast new  reserves o f  oil and gas is evident. 
However, th e  uncerta in ties  em anating  from  a lack 
of experience in b o th  pe tro leum  p ro d u c tio n  and 
pipelining in  perm afrost areas have proven to  be 
m ore o f  a problem  th an  had  been co n tem p la ted  by  
m any early observers.
Ironically , this ex trem ely  fo rb idd ing  area o f  
our na tion  also has a very fragile ecology. T he 
slightest dam age to  the  skin o f th is  rugged land  
may be capable o f causing irreparable  damage.
M oreover, this com es at a tim e w hen civiliza­
tion has, as a m a tte r  o f  selfpreservation , been  
forced in to  an aw areness o f the  critical environ­
m ental problem s w hich co n fro n t us. M any A m eri­
cans in th e  low er 48, as well as A laskans, are 
determ ined  to  preserve o u r  last m ajor w ilderness.
I t is obvious th a t we m ust ta p  the  enorm ous 
energy resources w hich exist in  o u r A rctic and  
subarctic regions. H ow ever, we m ust be able to  
establish th a t  the u ltim a te  gains will ou tw eigh  th e  
u ltim ate  losses.
This basic econom ic  reality  is certain ly  n o t a 
new concep t, b u t w ith in  the  realm  of to d a y ’s 
values and  priorities em phasis is placed on the  
p roposition  tha t we m ust be reasonab ly  assured 
th a t no serious, p e rm an en t ecological dam age will 
be incurred.
The m ost persuasive argum ents in  this area 
will be provided by  exam ples derived from  experi­
ence gained from  ac tua l opera ting  facilities or 
from  full-scale on-site te s t facilities.
Presented at ASME 25th Petroleum Mechanical Engineer­
ing Conference, Denver, Colo., Sept. 14, 1970.
EXPERIENCE LACK
By v irtue  o f the  n a tu re  o f  ou r geography, our 
operating  experience in pipelining under these 
cond itions is nil. O n the  o th e r hand , the  Russians, 
w ith  half o f  th e ir te rrito ry  underla in  w ith  varying 
form s o f perm afrost, began co n stru c tio n  o f  gas 
pipelines in A rctic  areas in 1964. T o  da te , the 
Soviets have com pleted  A rctic  p ipelines in sizes 
th rough  48  in., are construc ting  a 56-in. p ipeline, 
and are p lanning o thers  in sizes th ro u g h  99-in. 
A lthough the  design criteria fo r these gas- 
transm ission pipelines are q u ite  d iffe ren t from  
those o f o u r p roposed  hot-oil pipelines, we feel 
th a t our endeavors in b o th  the oil and gas 
A rctic-pipelining fields can p ro fit from  an aw are­
ness o f th e ir  w ork.
In th is  regard, W illiams B ro thers  Engineering 
Co. has co llected  and  transla ted  a num ber o f 
articles on  the  subject w hich have been  published  
in Russian periodicals and trade  jou rnals.
A lthough a num ber o f papers on sim ilar 
subjects have been  transla ted  and freq u en tly  pub ­
lished by  o thers , to  th e  best o f  ou r know ledge the  
m aterial in th is collection represen ts its first 
tran sla tion  and d is tribu tion  ou tside  the  Soviet 
Union.
PREVAILING CONDITIONS
The geographical scope o f  the  articles encom ­
passes th e  regions o f the  Soviet U nion  w hich lie to  
the  n o r th  o f th e  6 0 th  parallel, as well as areas o f 
perm afrost ex tension . D espite the  diverse clim atic , 
geologic and hydro log ic  con d itio n s  o f th is  im ­
mense te rr ito ry , several com m on na tu ra l charac­
teristics bear relevance to  the  technolog ical aspects 
o f  A rctic  pipelining.
A m ong these  are:
1. A n enduring  w in ter season o f  8-10 m on ths 
w ith  po lar n igh ts and  air tem p era tu re  d ropp ing  to  
as low as -65 F.
2. A short b u t relatively  h o t sum m er w ith  air 
tem pera tu re  as high as 85 F.
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3. Wind velocities to  85 m ph  an d  substan tia lly  
h igher in certain  m aritim e regions; and
4. E xtensive sw am ps and flood lands consisting  
o f  m oistu re-sa tu ra ted  silty soils w hich have a 
p ro p en sity  to  heave a n d  th a t, w hen thaw ing , have 
little  load-bearing  capacity .
F u rth e rm o re , railroads and  highw ays are  near­
ly  non-ex isten t, the river-navigation period  is very 
sh o rt, and  m any areas are  to ta lly  u n in h ab ite d .
A com bination  o f  low tem p e ra tu re s  and  high 
w inds necessitates p a rticu la rly  stric t observance o f 
safe ty  regulations. F o r  in stance, experience  in 
N orthw este rn  Siberia has show n th a t  w ith  air 
tem p era tu res  o f  +5 F ., and a w ind velocity  o f 20 
m ph, con tinuous open-air w ork can o n ly  be 
p e rm itted  for a m axim um  o f 50 m in. T h en , a 
10-min rest period  m ust fo llow  for w arm ing.
W hen w ind velocities reach  50 m ph , all 
open-air work stops co m ple te ly , regardless o f  th e  
tem pera tu re . W ork d u rin g  co m p le te ly  calm  -50 F. 
w ea ther is also p roh ib ited .
W inter c lo th ing  no rm ally  used  in n o rth e rn  
c lim ates is unsu itab le  beyond  th e  A rctic  Circle 
w here fu r or o th e r  special c lo th ing  is requ ired .
C o n stru c tio n  co n d itio n s  in regions o f  perm a­
frost are excep tiona lly  sensitive and  un ique. T hey 
are m anifested  in d iffe ren t ways depend ing  upon  
th e  m agnitude of th e  perm afrost layer, its tem ­
p era tu re  conditions, and th e  charac te ris tic s  and 
m oistu re  c o n ten t of th e  soil.
T he geocryologic character is de te rm ined  by 
the  h ea t and mass tran sfe r be tw een  th e  a tm os­
phere and th e  frozen  s tra tu m , as well as by  the  
prevailing soil com position .
In the c o n s tru c tio n  o f  buildings, felling o f 
clearings, building o f  roads, co n s tru c tio n  o f  p ipe­
lines, and any  o th e r activities associa ted  w ith  a 
change o f the  surface the h ea t-tran sfe r co n d itio n s  
are d istu rbed . The n ew  surface h e a t balance leads 
to  a change o f  the h e a t c o n d itio n  o f subsurface- 
rock  fo rm ations an d  the d e p th  o f  the  seasonal 
freezing  and thaw ing.
T his generates su ch  cryogen ic  processes as: 
frost cracks; soil bulging and  sagging; overglazed 
ice; sloughing o f  soil b y  m eans o f m ud flow , called 
su ffusion ; and  creeping  o f the  thaw ed-so il layer 
along the  inclined u p p e r  surface o f  th e  perm afro st, 
know n as so lifluc tion .
Such  occurrences alter the  g round  su rface and 
can cause considerab le  stresses in  underg round  
pipelines. A co m b in a tio n  o f  these  stresses and 
those caused by  tem p e ra tu re  changes and in ternal 
pipeline pressure co u ld  result in p ipeline failure.
SURVEYING, PLANNING
O ne of th e  m ain  problem s o f  p lann ing  an 
A rctic pipeline is p rovid ing  special tech n iq u es
w hich will prevent surface d istu rbance an d  th e re ­
by, assure the  s tab ility  o f th e  pipeline.
In  perm afrost regions, se lection  o f th e  p ipe­
line ro u te , d e te rm in a tio n  o f  the  ap p ro p ria te  in sta l­
la tion  m ethod , and fo rm u la tio n  o f an ad eq u ate  
logistical suppo rt system  m ust be considered  n o t 
only  in re la tion  to  ex isting  cond itions, b u t  also in 
re la tion  to  those  co n d itio n s  orig inating as a resu lt 
o f th e  in te rac tion  o f  the  p ipeline w ith th e  n a tu ra l 
env ironm ent.
C onsequen tly , th e  p rob lem  arises o f  fo re ­
casting the  new geocryologic  co n d itio n s  b rough t 
ab o u t by th e  no n am b ien t charac te ris tics  o f th e  
pipeline. To accom plish  th is , com prehensive in ­
vestigations m ust first be m ade along th e  pipeline 
ro u te  to  determ ine th e  n a tu ra l cond itions.
A de te rm ina tion  m ust th en  be m ade as to  th e  
d irec tion  and in ten sity  o f th e  generated  cryogenic 
processes. In doing so, each  o f  th e  local varia tions 
m ust be considered in o rd er to  o b ta in  an  exact 
defin ition  o f the  new  heat balance w hich can th en  
be app lied  to  specify the  new  conditions.
E xp lo ra tion  to  de te rm in e  these fac to rs  is very 
com plex . In add ition  to  the  usual o p e ra tio n s  
associated  w ith  p ipeline-rou te  selection it is neces­
sary to  s tudy  the  th ickness o f th e  active-soil layer 
th a t is above the  pe rm afro st and  w hich  can be 
exp ec ted  to  freeze and  th aw  during  n o rm a l season 
cycles.
O f equal im portance  are: (a) the d e p th  and 
th ickness o f underg round  ice fo rm atio n s; (b ) 
heaving p roperties o f th e  soil; (c) places o f 
p o ten tia l fo rm ation  o f swelling m ounds and soil 
collapse know n as th e rm o k ars t; (d) tem p e ra tu re  
con d itio n s  o f frozen  soils; (e) th e  p red ic ted  dy n a­
mics o f the  tem p era tu re  field caused by the  
p ipeline, and (f) a n tic ip a ted  changes in  the  heat- 
m oistu re  co n ten t o f  the  soils.
C onventional m ethods o f  e x p lo ra tio n , such  as 
drilling  and poking, for loca ting  ve in -struc tu red  
underground-ice  fo rm a tio n s  have no t p roven  to  be 
reliable. This m akes special e lec tro so u n d in g  geo­
physical studies necessary.
T he com plex ity  o f th e  s itua tion  m akes it 
ra th e r  d ifficu lt to  fully estab lish  the param eters  
needed  to  determ ine  the possib ility  and  in ten sity  
of m ost o f these phenom ena. This is p a rticu la rly  
true  during the  course o f a one-tim e survey  along a 
considerab ly  leng thy  pipeline ro u te .
Should  param eters be based upon th e  resu lts 
o f one-tim e surveys, th ey  m ust be conservatively  
fo rm u la ted  from  th e  m ost unfavorab le  com b ina­
tions o f cond itions. In  all like lihood , th e y  will n o t 
provide adequate  criteria  fo r  th e  o p tim u m  design.
NEEDS VARY WITH TYPES
T he ex te n t and  d irec tion  o f  ex p lo ra tio n  is 
strong ly  dependen t upon  the  ty p e  o f p ipelaying
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a d o p te d  for th e  p ro jec t. This is a fa c to r  w hich 
generally  can n o t be decided  prior to  in itia l ex­
p lo ra to ry  w ork.
A boveground pipeline in sta lla tion  requires a 
m ore detailed  to p o g rap h ic  ex am in a tio n , while the  
e x te n t o f th e  geo techn ica l w ork m ay  be sharply  
reduced . At river crossings it is necessary  to  
carefu lly  s tu d y  soil co n d itio n s  on th e  shore , where 
su p p o rts  for th e  crossing are lo ca ted , w hile de­
tailed  ex p lo ra tio n  of the  river bed is unnecessary .
On the o th e r  hand , u n d erg ro u n d  insta lla tion  
requ ires a less detailed  to p o g rap h ic  e x p lo ra tio n , 
b u t m ore d e ta iled  geo techn ica l and  cryological 
investigations. Also, a full set o f  top o g rap h ic , 
geo techn ical, and  hydro log ical investigations o f 
the  river bed and its w ater co n d itio n s  will be 
required .
If the p ipeline is to  be laid d irec tly  on  top  o f  
the  ground, o r sem i-buried , the p rob lem  o f su r­
face-w ater drainage m ust be resolved.
It can be seen th a t  th e  geocryo log ic  stud ies 
th a t perm it the developm en t o f  reliable and 
com plete  in fo rm a tio n  for fo recasting  are an in ­
tegral part o f  th e  engineering surveys in perm afro st 
areas. O nly a fte r  carefu l co n sid e ra tio n  o f th e  
in fo rm atio n  derived from  these s tud ies  can be 
o p tim um  ro u te  and in sta lla tion  sy stem  be p ro ­
posed..
GEOCRYOLOGICAL GROUPS
The diverse landscape com plexes occurring  in 
the  n o rth e rn  part o f  W estern S iberia can be 
assem bled in to  six rep resen ta tive  g roups:
1. The m ost prevalen t co n d itio n s  are those  o f 
th e  first g roup . This consists o f level, slightly  h illy , 
o r  fo rested  tu n d ra , w ith  an 8-10-in .-th ick  m oss 
cover. It is d issected  by vertical ice wedge p o ly ­
gons and is o ften  sw am py and covered w ith  
tussocks.
The soil is generally  an uncohesive sandy loam  
or a highly icy  loam , and  th in  veins o f  ice are o fte n  
found. One o f  the m ain pecu liarities  o f  th is g roup  
is the th ix o tro p ic  n a tu re  o f th e  soil, w hich  is 
expressed by  d e te r io ra tio n  u nder th e  in fluence  of 
dynam ic loads.
The te m p e ra tu re  o f the  soil at the  d e p th  
w here seasonal varia tions cease to  have any effec t 
ranges fro m  15°F. to  ju s t below  freezing. The 
d e p th  o f sum m er thaw ing  is 2-5 f t,  a lthough  
individual sp o t thaw ing  o f  5-7 ft is fo u n d . The 
m oisture c o n te n t o f  the  active layer varies from  
1 5-25% in sandy varie ties to  35-50%  in loam s.
2. T he second g roup  is charac te rized  by peat 
massifs 1 ,000 -1 ,200  ft across, 7 -1 5 -ft-th ick , and 
o ften  d issec ted  by polygons. The peat tem p e ra tu re  
is 25 -28 F. and its m o istu re  c o n te n t seldom  
exceeds 50%  by volum e. The d e p th  o f sum m er 
thaw ing  is n o t m ore th an  20-30 in.
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3. The th ird  g ro u p  includes w ell-drained sec­
tions o f  p la teaus and  w ater-sheds. These are m ade 
up o f  loam s w ith  icy sandy pa tches, and th e  
perm afrost is in te rflu en t. T he te m p e ra tu re  o f  th e  
soil is 28°-30°F . and  the  d e p th  o f th e  sum m er 
thaw ing  is 5-8 ft.
4. The e lem ents o f th e  fo u r th  g roup possess 
the best charac te ris tics  fo r p ipelin ing , th a t is, 
surfaces o f  d ry , w ell-drained  s tra ta , com posed  o f 
sandy loam s and loam s th a t  a re  in terspersed  w ith  
gravel. T he perm afro st is n o t in te rf lu e n t and the  
tem p e ra tu re  o f the  frozen  soil is 3 1 -32 F.
As a ru le , the  surface is fo re s ted  and th e  d e p th  
to  th e  u pperm ost layer o f  p e rm afro st is a m in i­
m um  o f 25-30  ft. This g roup can  include sections 
w here n o ncrum bling  rocky  g round  is d irec tly  
exposed  to  the su rface  o r covered  by a th in  layer 
o f loose, low -m oistu re-con ten t deposits .
5. To the  f if th  group b e lo n g  the flood  plains 
o f  l a r g e  rivers. N orm ally , the d e p th  to  
frozen  rock  deposits  exceeds 25-35  ft and  th e  soil 
is com posed  o f a highly m oist alluvial m aterial 
th a t, in th e  m ajo rity  o f cases, is superim posed  by 
highly m oist loam s.
6. T he six th  g roup co m b in es  th e  least de­
sirable e lem ents such  as p ea t h illocks, swelling 
m ounds, th e rm o k ars t fo rm a tio n s , and sections o f 
slopes th a t  are unsafe  from  th e  v iew po in t o f  the  
g en era tio n  o f so lifluc tion  o r e a r th  creeping.
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The Soviets have found  th a t  un d erg ro u n d  gas 
p ipeline in sta lla tio n , desp ite  b e ing  the  m ost w idely 
used  m eth o d  u n d e r  norm al c o n d itio n s , is generally  
n o t feasible in th e  regions u n d e r  d iscussion . The 
m ain  reason  is th e  d ifficu lty  o f  e lim ina ting  the 
hea t e ffec t o f th e  pipeline in  highly m oist frozen  
g round .
U nderg round  in sta lla tion  in d ry , w ell-drained 
env ironm en t o f  the fo u rth  group is feasible. 
H ow ever, the e ffec t o f b u ry in g  a p ipeline in 
g round  w ith  c o n d itio n s  described  in  the  o th e r 
g roups w ould be the su b seq u en t g en era tio n  o f a 
th ick  thaw ing  aureo le  a long  the  e n tire  leng th  o f 
bu ried  section.
Such  a co n d itio n  w ou ld  be accom pan ied  by  
th e  p ipeline’s sagging or flo a tin g  in th e  m elted  soil 
pu lp . T his th e rm o k ars t p h en o m en a  develops from  
th e  collapse o f  th e  su rface due to  a m elting  o f 
fossil ice w ith  a co rrespond ing  d im in u tio n  o f 
vo lum e resu lting  from  the  tra n s fo rm a tio n  o f ice 
in to  w ater.
A prim ary  th rea t to  the p ipeline is th e  
c o n d itio n  o f h ighly  d isp a ra te  soil an d  ice-con ten t 
co n d itio n s  c losely  ad jacen t to  each  o th e r  th a t 
resu lt in w idely  d iffe ren t active th aw  levels and  
fro st forces.
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T his can cause irregu lar sagging and th ru s tin g  
th e re b y  p roducing  h igh stresses th a t  will d e s tro y  
th e  p ipe. R eplacing th e  g round  u n d e rn e a th  th e  
p ipeline w ith  heat in su la tio n  does not b y  itse lf 
appear to  be a rem edy  as th e  in su la tio n  w ould  
becom e sa tu ra ted  w ith  w a te r, obv iating  its e f­
fectiveness.
G ro u n d  heaving caused b y  frost c reates sim ilar 
p rob lem s and is observed  in areas o f  highly 
co n tra s tin g  rock  fo rm a tio n s  and soil hum id ities. 
Bulging m ounds, em erging in  areas w ith  a c o n ­
tin u ed  in flow  of in te rfro s t w aters du ring  soil 
freezing, are especially  dangerous.
C o n tin u o u sly  w iden ing  ravines w ith  su b ­
seq u en t des tru c tio n  o f th e  g radually  exposed  
p ipeline can be p roduced  e ith e r b y : (a) th e rm o ­
karst p henom ena  o r, (b ) b y  soil suffusion  th a t  
s ta rts  in trenches and  ru ts  p roduced  on th e  
right-of-w ay during  c o n s tru c tio n .
It is d ifficu lt to  ca lcu la te  th e  stresses on  an 
u n d erg ro u n d  pipeline lo ca ted  in a su ffusion  lan d ­
slide area. It can be d e s tro y e d  along the b o rd ers  o f  
th e  slide.
SURFACE CONSTRUCTION
Pipeline in sta lla tion  d irec tly  on  to p  o f th e  
g round  is occasionally  p rac ticed  under no rm al 
cond itions , b u t  does n o t ap p ear to  be  e x c ep tio n a l­
ly p rac tica l in perm afrost areas unless th e  p ipe is 
highly in su la ted . S om e o f th e  sam e adverse h ea t 
effec ts  discussed fo r bu ried  in sta lla tions  also app ly  
here.
F u rth e rm o re , th e  use o f  an ea rth en  cover fo r 
large-d iam eter on -the-g round  pipelines w ould  n o ta ­
b ly  change th e  surface g eo m etry . T h is w ould  
in te rfe re  w ith  n a tu ra l drainage as well as a lte r  th e  
h ea t-tran sfe r co n d itio n s  o f  the  su rro u n d in g  area.
M uch o f  th e  success o f  a su rface line covered 
by  an ea rth  berm  dep en d s u p o n  th e  ty p e  o f  soil. 
E arth en  cover in p e rm afro s t zones in  areas o f  h igh  
ice c o n te n t is closely tied  to  seasonal varia tions. If  
th e  cover is placed in  th e  su m m ertim e , th e  thaw ed  
active layer is buried  below  it.
F o r  large-d iam eter p ipelines, requ iring  th ick  
cover, th is  m eans th a t  a d e fro s te d  trough-shaped  
layer m ay be m ain ta ined  b e n e a th  th e  ce n te r o f th e  
cover. In  the  case o f  f iltra tin g  soils th is layer ac ts  
as a d ra in , its  d e p th  and  m o istu re  c o n te n t increas­
ing du ring  th e  sum m er p e rio d .
O bservation  o f e a rth e rn  cover in p e rm afro s t 
zones has show n th a t  th is  o f te n  resu lts in th e  
g ro u n d ’s acquiring  th e  co n sis ten cy  o f  runn ing  
sands. P ropagation  o f  the  d e fro s ted  layer causes 
sags a long  th e  axis o f  th e  cover and  any  uneven  
sagging causes d e fo rm atio n  o f th e  cover and  stress 
on  th e  pipeline.
F u rth e rm o re , a p a rtia l d rain ing  and d ry in g  o f 
ad jacen t fields leads to  a considerab le  increase in
th e  th ickness o f  th e  active lay er; a fa c to r  th a t in 
itse lf can be a source  o f  in ten s ifica tio n  o f the 
th e rm o k ars t processes.
C onversely, w hen  th e  cover is p laced in the 
w in te rtim e  a layer of frozen  g round  is buried  
below  it. D uring th e  ensuing sum m er periods, part 
o f the  cover and  th e  active" layer b e n e a th  it thaw s. 
A layer o f frozen  ground  is m ain ta in ed  axially  
u n d e rn e a th  the  ce n te r o f th e  cover.
C onsequen tly , th e  degree o f  sag in th e  cen te r 
o f the  cover is less th an  th a t  on th e  sloped 
em bankm en ts. T his leads to  creep ing  em bank ­
m ents and  d im in ishm en t o f  th e  cover. T he frozen  
layer can also ac t as an ice dam , thus p ro h ib itin g  
drain ing  and  a lte rin g  the  m o istu re  c o n te n t o f the 
su rround ing  g round .
It shou ld  be n o ted  here, how ever, th a t a 
loop-line section  laid  upon  a low -ice-con ten t e a rth ­
ern pad in su la ted  w ith  4-in. o f  p o ly u re th an e  and 
w a te rp ro o f o u te r  p lastic  w rapp ing , and  covered 
w ith  a low -ice-con ten t berm  has show n hopefu l 
signs o f s tab ility  during  six m o n th s  o f  hot-oil 
pum ping  a t th e  te s t fac ility  n ear Inuv ik , NWT, 
Canada.
ABOVE GROUND CONSTRUCTION
If th e  p ipeline is installed  o n  low su p p o rts , or 
on  leveled fill, th e  direct e ffec t o f  th e  p ipe on  th e  
base g round  is n o t appreciab le . N evertheless, th is 
ty p e  o f c o n s tru c tio n  is n o t w ith o u t p rob lem s. In 
ad d itio n  to  th e  drainage b lo ck in g  o f such  surface 
lines, im m ense snow  d rifts  can accu m u la te  on  the  
leew ard side o f  large-d iam eter pipelines.
Snow , being a good heat in su la to r, prevents 
deep  freezing  and , th e re fo re , n o n -u n ifo rm  zones of 
frozen  g round  are developed . T h is n o n u n ifo rm ity  
in the  active layer results in a g rea ter degree of 
sagging o n  the  leew ard side o f th e  p ipeline th an  on 
th e  w indw ard  side and c rea tes  the p rob lem  of 
m ain ta in ing  alignm en t o f  th e  suppo rts .
The R ussians have observed  th a t d istu rbance  
o f  the  cryologic  c o n d itio n s  o f  p e rm afro s t can be 
avoided b y  laying th e  p ipeline  well above g round. 
A gas p ipeline laid above the  m ax im um  level of 
snow  cover has v irtua lly  no h ea t e ffec t on  the 
ground  and  insures m ax im um  stab ility  o f  the  
in sta lla tion .
It is generally  unnecessary  to  w ork  th e  frozen  
ground  o r  in su la te  it from  th e  h ea t e ffec ts  o f  the  
p ipeline w ith  th is  type  o f  design. H ow ever, in­
creased p ipeline heat losses to  th e  a tm osphere  
during  th e  w in ter, the  p ro b lem  o f  p rec ip ita tio n  of 
condensa te , e tc ., have to  be  considered .
The effic iency  o f an u n in su la ted  aboveground  
gas pipeline increases as its  o p e ra tin g  tem p e ra tu re  
approaches th a t o f  the co ld  A rctic  am b ien t tem ­
pera tu re . One investiga to r ca lcu la ted  th a t, com ­
pared w ith  a b u ried  p ipeline , a specific  56-in.-
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d iam e te r ab o veg round  gas p ipeline  in W estern 
Siberia w ould  have an  overall e ffic iency  increase o f  
5%, consid e rin g  an average annual te m p e ra tu re  o f  
+ 2 0 °F .
It m ust be  em phasized  th a t w h a t is ap p ro ­
p ria te  fo r  gas-transm ission  lines m ay  o r m ay n o t b e  
ap p ro p ria te  fo r  liqu ids p ipelines. T he  resu lts  w ould  
be  q u ite  c o n tra ry  fo r an  oil p ipeline . L ow er 
tem p e ra tu re s  w ould  g rea tly  increase th e  fluid 
v iscosity  w h ich  in tu rn  w ou ld  n ecessita te  in o r­
d in a te ly  high pum p in g  p o w er req u irem en s, if th e  
liquid could  be  p u m p ed  a t all.
DESIGN ELEMENTS
A n exam ple  o f  th e  c o m p le x ity  o f  above­
ground  c o n s tru c tio n  can be seen in a Soviet 
research  in s t i tu te ’s sch em e fo r ab o veg round  su p ­
port design. T he s tru c tu ra l  design was ca lcu la ted  
considering: (a) th e  w eigh t o f th e  p ipe; (b ) th e  
w eight o f th e  gas in th e  p ipeline ; (c )  the  w eight o f  
icing; and (d )  w ind p ressu re .
A d d itio n a l d ynam ic  fo rces resu ltin g  from  th e  
m o tio n  and period ic  s to p p in g  o f  cleaning  scrapers 
are re p o rte d  to  have been  neg lec ted . Likew ise, n o  
co n sid e ra tio n  was given to  th e  a d d itio n a l load ing  
o f w a te r genera ted  fro m  th e  m eltin g  o f  snow  th a t  
was in tro d u c ed  in to  th e  p ipeline  du ring  c o n ­
s tru c tio n  an d  was accu m u la ted  ahead  o f  in itia l 
cleaning scrapers.
T he  re p o r t  does n o t s ta te  w h e th e r  th is  design 
was app lied  to  any  a c tu a l p ro jec ts  an d , if  so, th e  
consequences th e re fro m . N evertheless, th is  do es  
p o in t up  th e  fact th a t  e ach  s itu a tio n  is u n ique  an d  
th a t c e rta in  p rob lem s ex ist w ith  each  m ode o f  
in sta lla tion .
P ipeline su p p o rts  can  be  in  th e  fo rm  o f piles, 
fram es, o r g round  prism s. E x p erien ce  has show n  
the  pile su p p o rts  p rov ide  m ax im u m  s tab ility .
ADVANTAGES OF PILES
M any p rob lem s associa ted  w ith  A rctic  p ip e ­
lining can b e  e lim in a ted  b y  in sta lling  th e  p ipeline 
on n o n h e a t co n d u c tiv e  p iles th a t  have been  p laced  
in to  the  p e rm afro s t. S u ch  su p p o rts  w ould  be  
u n a ffec ted  b y  th e  seasonal vertica l d isloca tions o f  
heaving an d  sagging c rea ted  b y  freezing and  
thaw ing  o f  th e  active layer.
H ow ever, the  cost o f  th is  ty p e  o f  c o n s tru c tio n  
is h igh  co m p ared  w ith  th a t  o f fra m e-ty p e  su p p o rts  
o r g round  prism s. A nalysis o f a specific  case m igh t 
show  various c o m b in a tio n s  o f  p ile , fram e, and  
prism  su p p o rts  to  be  th e  m ost feasib le  so lu tio n .
T here  are  several p ipelay ing  tec h n iq u es  w h ich  
are used to  co m p e n sa te  fo r stresses caused by  
te m p e ra tu re  and p ressu re  v a ria tio n s  in above­
g round  p ipelines.
Arctic  P ipelin ing - Tough, Costly, Bu t Feasible
The m ost p rev a len t m e th o d s  e m p lo y  e ith e r: 
(a) a c o n s ta n t zigzag, th a t  is re fe rre d  to  as a 
snake-type  p a tte rn , o r (b ) a s tra ig h t line w ith  
period ic  sligh tly  curved  co m p en sa tin g  sec tio n s  th a t  
are usually  lo ca ted  o n  th e  sam e side o f  th e  p ipeline 
axis.
The stra ig h t-lin e  m eth d  uses a c o m b in a tio n  o f 
fixed , lo n g itu d in a lly  m ob ile , and  free-m oving  su p ­
ports . It is genera lly  p refe rred  to  th e  snake  ty p e  o f 
c o n s tru c tio n  th a t  has a com p lex  sy s tem  o f  fixed 
and  o sc illa to ry -h inged  su p p o rts .
T he stra igh t-line  m e th o d  req u ires  a p p ro x i­
m ate ly  2% less p ipe  th a n  th e  snake  m e th o d . This, 
com b ined  w ith  60%  few er p ipe  b en d s , resu lts  in 
g rea ter p ipeline  h y d rau lic  e ffic iency . T he stra igh t- 
line system  is also su b jec ted  to  less w ind  load  and 
o n ly  requ ires  a p p ro x im a te ly  o n e -th ird  as m any 
costly  fixed  su p p o rts .
In an y  even t, an  u n in su la ted  aboveg round  
gasline w o u ld  be  sub jec t to  severe stresses from  
te m p e ra tu re  changes th a t  cou ld  exceed  desired  
lim its in ce rta in  sizes. A lso such  a line  w ould  have 
excessively h igh o p e ra tin g  te m p e ra tu re s  in sum m er 
and , converse ly , low  in w in ter.
In sp ite  o f  th e  c o m p le x ity  o f  the  various 
su p p o rts , ab o v eg ro u n d  in s ta lla tio n  resu lts  in  th e  
m in im iza tio n  o f  th e  h e a t e ffec t o f  th e  p ipeline on  
th e  frozen  g ro u n d  an d  th e  c o n se q u e n t m axim iza­
tio n  o f  p ip e lin e  s tab ility . F o r  th is  reason , th e  
R ussians feel th a t ,  in nearly  all in stances , th is  is 
th e  best m e th o d  fo r in s ta lla tio n  o f  gas-trans­
m ission lines in  W estern  Siberia.
T he te s t lo o p  fac ilities in  n o r th e rn  C anada 
m ay, how ever, a lte r  th is  conc lu sion  fo r  p e rm afro st 
c o n s tru c tio n .
W hen th ese  te s ts  are  c o m p le te , it is possib le  
th a t  a b u rie d  re frig e ra te d  line m ay  prove best fo r 
gas; w ith  a c o m b in a tio n  o f in su la ted  line laid  in  a 
b e rm , o r on  h igh  su p p o rts , fo r  a ho t-o il line 
d ep en d in g  o n  th e  ice c o n te n t o f  th e  soils.
LOGISTICAL CHALLENGE
T he R ussian  p ipelines are  b e ing  laid in  vast 
u n in h a b ite d  te r r ito r ie s  and p resen t com p lex  logis­
tica l challenges. H ousing , and  g ro u n d  co m m u n ica ­
t io n , an d  tra n s p o r ta tio n  are  v irtu a lly  n o n e x is te n t.
T he tra n s p o r ta tio n  p ro b lem  consists o f, on  
one  h an d , th e  need  fo r  d ev e lo p m en t o f  e q u ip m e n t 
capable o f  traversing  th e  te rra in  w ith  large pay  
loads. O n th e  o th e r  h a n d , it is necessary  to  p rev en t 
surface d e s tru c tio n  th a t  w ou ld  resu lt in h ea t 
tra n sfe r  varia tions.
T he so lu tio n  to  th e  fo rm e r p ro b lem  is in  th e  
se lec tion  o f  e q u ip m e n t iw th  e x c ep tio n a l m o b ility  
and  tra c tio n . T he  la t te r  p ro b le m  can o n ly  be  
solved b y  ca re fu l analysis o f  th e  geocryo log ic  
varia tions th a t  will b e  p ro d u ced  b y  a lte ra tio n  o f  
th e  su rface  h e a t tran sfe r.
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T he p rim ary  fa c to r  c o n tr ib u tin g  to  g e o c ry o ­
logic s tab ility , and  th u s  to  th e  load -bearing  capac­
ity , is th e  8 -10 -in .-th ick  m oss b lan k e t th a t  in ­
su la tes th e  g ro u n d  f ro m  e x te rn a l h ea t. W ith  th e  
passage o f  a vehicle th e  moss b la n k e t m ay co llapse 
o r  be d es tro y e d , leaving the  su rface  u n in su la te d .
As m ore h ea t f lo w s in to  the  g ro u n d , th e re  is 
an  increase in th e  d e p th  and  in te n s ity  o f seasonal 
m elting  u n d er th e  tra c k s . As a resu lt o f  th e  m elting  
p rocess in ice-im pregnated  g ro u n d , a gu lly  d e ­
velops along th e  p ipeline  ro u te .
T h is  becom es a n a tu ra l  d ra in  fo r  the  s u rro u n d ­
ing en v ironm en ta l su rfaces an d , in  tu rn , c rea te s  a 
th ic k e r  active layer w h ich  p ro m o te s  even  m ore 
m elting . The m elting  d e p th  be low  th e  tra c k s  can  
a m o u n t to  10 f t  in o n e  season, w h ile  th e  gully  in 
th is  a rea  m ay deepen  b y  as m u ch  as 3 ft.
T h e  presence o f  vein ice m ay lead to  g ro u n d  
co llapse th a t can  sp re a d , causing d is in teg ra tio n  o f  
a d jacen t te rra in . F u r th e rm o re , th ese  soils o f te n  
have th ix o tro p ic  p ro p e rtie s  an d  have a te n d e n c y  to  
lose th e ir  lo ad -bearing  capac ity  even u n d e r  th e  
e ffec t o f  relatively  m in o r  d ynam ic  loads.
T hese processes are sources of n u m ero u s  
tra n sp o rta tio n  delays, as w ell as be ing  sign ifican t 
eco logical problem s.
TRANSPORTATION PROBLEMS
T he w in ter p e rio d , w hen  th e  v e g e ta tio n  b lan ­
k e t is p ro te c te d  by  snow , is m ore  o p p o r tu n e  fo r 
tra n sp o rta tio n . H ow ever, even  d u rin g  th is  period  
th e  tra ffic  m ust be lim ited  to  special w in te r  roads. 
B lackening an d  c o m p a c tio n  o f snow  an d  u n d e r­
lying veg e ta tio n  can cause a change in th e  surface- 
heat balance.
A lth o u g h  ce rta in  eq u ip m e n t and m ateria l 
item s m ust invariab ly  be m oved overland , th e  
R ussians have rea lized  d e fin ite  eco n o m ies  th ro u g h  
th e  use o f h e lic o p te rs  w henever possib le. H eli­
co p te rs  have been  u se d  to  tra n s p o rt  p ipe jo in ts  o f 
u p  to  120 f t.  in  le n g th  fro m  w eld ing  bases to  th e  
right-of-w ay.
T he  use o f  su c h  tra n sp o rt, even u n d e r  th e  
adverse cond itions  o f  the  po lar n ights, has pe r­
m itte d  a c o n sid e rab le  re d u c tio n  in  c o n s tru c tio n  
tim e.
U n d o u b ted ly , m an y  u n iq u e  p ipelin ing  te c h ­
n iques will em erge a s  a resu lt o f  m a n ’s c o n q u e s t o f 
th e  A rctic . Som e o f  these will p ro b ab ly  serve to  
im prove u p o n  our p ip e lin in g  know -how  in m ore  
conven tional e n v iro n m en ts .
CONCLUSION
Successfu l p ipelin ing  across th e  vary ing  c o n ­
d itio n s  o f  p e rm a fro s t d em an d s se lec tio n  o f  th e  
p ro p er  c o n s tru c tio n  e q u ip m e n t p lu s  th e  f le x ib ility  
to  ap p ly  a d is tin c tly  u n iq u e  c o n s tru c tio n  p h ilo ­
so p h y  to  each  o f  th e  prevailing  co n d itio n s . F u r ­
th e rm o re , c o m p le te ly  d iffe re n t se ts  o f c rite r ia  fo r  
eq u ip m e n t, m ateria l, and  c o n s tru c tio n  m e th o d s  
are app licab le  to  gas and  to  liqu ids A rc tic  p ip e ­
lines.
D esp ite  local variances, th e re  appears to  be 
s tro n g  agreem ent o n  basic p ro je c t p recep ts . A rc tic  
p ipelin ing  requ ires  ex tensive  a n d  carefu lly  c o n ­
trived  p lann ing  and  tim ing .
I t  is essentia l to  select a p ipeline  ro u te  th a t  is 
feasib le  fro m  c o n s tru c tio n  log istical su p p o rt, 
o p e ra tio n a l, and  eco log ical v iew po in ts  S urface  
d istu rb an ces  and  p e rm a n e n t geocryo log ica l im ­
balances m ust be m in im ized  an d  re s to ra tio n  o f  
d is tu rb ed  areas to  th e ir  n a tu ra l  s ta tes  m ust be 
e ffe c te d  as qu ick ly  as possib le.
T his ty p e  o f  p ipelin ing  is u n d e rs ta n d ab ly  
expensive, a lth o u g h , in o rd e r  fo r  A rc tic  energy  
reserves to  be co m p e titiv e  w ith  o th e r  sou rces o f 
su p p ly , it is essen tia l to  have low  u n it- tra n sp o rta ­
t io n  costs. T o a tta in  th is , su ffic ien t th ro u g h p u t 
vo lum es are necessary  to  p e rm it long -d istance  
p ipelines to  be o f  large d ia m e te r , th e re b y , tak in g  
advan tage  o f  th e  eco n o m ies  o f  scale.
O ur obse rva tions  o f  Sov iet A rctic  p ipelin ing  
ex p erien ce  are in te n d e d  to  o ffe r  insight in to  areas 
th a t  th e  R ussians co n sid e r to  b e  critica l, based  
u p o n  th e ir  firs th a n d  ex p erien ces  in A rc tic  p ip e ­
lin ing  fro m  c o n c e p tio n  th ro u g h  o p e ra tio n .
It shou ld  be  a p p a re n t th a t  it w ou ld  be 
irra tio n a l to  consider su ch  o b se rv a tio n s  to  b e  a 
“ h o w  to  do  i t”  o f  p ipelin ing  in  p e rm afro s t areas. 
R a th e r, th e  one c o n cep t th a t  pervades th e  realm  o f 
A rc tic  p ipelin ing  is th e  u n iq u en ess  o f  th e  p rob lem s 
an d  th e ir  requ isite  so lu tio n s.
This un iqueness co m p o u n d s  the  m ag n itu d e  o f 
th e  A rc tic  challenge,, a lth o u g h , how ever fo rm i­
d ab le  th is  challenge m ay seem  to  be, i t  m ust and  
w ill be m et, by  m e th o d s  con firm ed  in  full-scale 
te s t  facilities u n d e r  ac tu a l o p e ra tin g  co n d itio n s .
T he oil and  gas in d u s try  in  N o r th  A m erica  
rem ain s  responsive to  en v iro n m en ta l considera­
t io n s  and  pub lic  o p in io n  a n d  w ill m eet i ts  responsi­
b ilitie s  b o th  to  prov ide th e  energy  re q u ire d  an d  to  
preserve  o u r  n a tu ra l heritage .
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A. V. Cardin
Alyeska Pipeline Service Company 
Houston, Texas
Before the potential benefits o f the recent oil 
discoveries on the North Slope of Alaska can be 
realized, the oil must be transported to refining 
and marketing areas. The Alyeska Pipeline Service 
Company has the responsibility for the first step in 
this transportation—to design and construct the 
Trans Alaska Pipeline System. We will pipe the oil 
from the discovery areas near Prudhoe Bay to an 
ice-free, deep-sea tanker loading terminal at Valdez 
of the South Coast o f Alaska. From Valdez the oil 
will be transported to the West Coast by tankers. 
This is the most feasible system of a number 
considered.
The basic facilities of the system consist o f a 
pipeline, the pump stations, a tanker loading 
terminal, and a communications system to provide 
the necessary means of operating control. To make 
possible the construction o f these facilities, a haul 
road must be constructed connecting the present 
Alaska road system to the Prudhoe area—a dis­
tance of some 400 miles.
PIPELINE
The pipeline route generally parallels the 
Sagavanirktok River across the North Slope, cros­
ses a high pass in the Brooks Range, passes near 
Wiseman, crosses the Yukon River near Livengood, 
passes just east of Fairbanks, and closely follows 
the Richardson Highway to Valdez. (See figure 1)
The line pipe is 48 inches in diameter and is 
manufactured under strict metallurgical specifica­
tions providing the fracture toughness and welda­
bility to satisfy the requirements of the low- 
temperature Alaska conditions. The line pipe is of
0.462” and 0.562” wall thickness and has mini­
mum yield strengths o f 60,000; 65,000; and
70,000 psi. The pipe is thoroughly inspected at the 
mill for both chemical and physical properties and 
for processing procedures prior to shipment. The 
construction of the pipeline will be thoroughly 
inspected and tested prior to its acceptance and 
operation. (See figure 2)
PUMP STATIONS
Major components of the pump stations will 
consist o f gas turbine prime movers, centrifugal 
pumps, tankage, power generation equipment, and 
fuel processing facilities—all enclosed in buildings 
as required for good operational security. Housing 
will be provided for both permanent and transient 
personnel.
Twelve pump stations are required for the 
maximum design which provides capacity to move 
2 million barrels of crude oil per day. The initial 
construction will not include all pump stations.
TERMINAL
The basic facilities at the tanker loading 
terminal consist of tanker docks, oil storage 
tankage, oil loading system, and ballast treating 
facilities. The tanks will be 250 feet in diamter by 
62 feet high, with a capacity of about 510,000 
barrels. The docks are sized to handle tankers of 
up to 250,000 dwt. The ballast treating facilities 
will be capable of handling total ballast o f the 
largest ships, discharging simultaneously at the 
dock.
Initial construction will include three docks 
and 6 million barrels of oil storage. Ultimate 
facilities are estimated at five docks and from 15 
to 20 million barrels of storage. (See figure 3)
COMMUNICATIONS
The communications system as proposed will 
consist of a highly reliable microwave system, 
augmented by high frequency radio coverage.
Reliability is stressed due to the need for all 
operational points to be in data contact, as 
functions and locations are integrated into a total 
system control. The entire system will shut down 
upon loss of communications.
EVIRONMENTAL CHALLENGES
The environment in Alaska is usually de­
scribed in terms of weather and dimensions—the 
long winters, extremely low temperatures, winds, 
ice-fogs, permafrost, the long distances, earth­
quakes, limitations of transportation and com­
munications. It is a hostile environment! Alaska is 
also characterized by flora and fauna which are, at 
the same time, hardy and delicate. Plant and 
animal life must be hardy to exist under natural 
conditions. Yet any destruction is not so easily or 
quickly cured as it would be in areas where plant 
growth is rapid. Alaska is then described in 
modern terminology as having a delicate ecology.
There is no doubt that the installation and 
operation of our proposed facilities in the existing 
Alaska environment bring many challenges. We 
will of necessity disturb the environment. Our 
challenge is to assure that this disturbance will not
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Figure 1-Proposed p ipeline  ro u te  fro m  P ru d h o e  Bay to  V aldez, Alaska,
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Figure 2-Possible p ipeline appearance  in m o u n ta in  valley.
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Figure 3 -A rtis t’s sk e tc h  of p ro p o se d  tan k e r  loading  te rm in a l and  oil sto rage  tankage n ear V a ldez , A laska.
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resu lt in perm anen t dam age. The design philoso­
phy  has been, fro m  the  in cep tio n  of th e  p ro jec t, to  
design the  s tru c tu re s  to  cause th e  least d isturbance 
o f  the  env ironm ent and  to  provide the  safest 
s tru c tu re  th a t can be designed using th e  m ost 
m odern  techno logy . The p ro te c tio n  Of th e  en­
v ironm en t is necessary to  assure th e  sa fe ty  o f  the  
p ipeline. T hus th e  tw o  m ajor criteria  are so 
in te rre la ted  th a t  th e  end req u irem en ts  are fully 
com patib le .
A very large p ro p o rtio n  o f  th e  p ipeline rou te  
is on  Federal lands, adm in istered  b y  the  D epart­
m en t of the  In terio r. As a cond ition  to  the  
gran ting  o f a perm it for co n stru c tio n , the  D epart­
m en t o f the  In te r io r  and  th e  F edera l Task Force 
on  Alaskan Oil D evelopm ent developed stipu la­
tio n s  specifically designed to  p ro te c t th e  environ­
m ent. The s tipu la tions  cover a w ide  range o f 
environm ental fac to rs includ ing  w a te r po llu tion , 
therm al p o llu tio n , use o f  pesticides and  herbicides, 
perm afrost deg radation , san ita tio n  and  w aste dis­
posal, aesthetics, w ildlife p ro te c tio n , fire pre­
ven tion , re s to ra tio n  and revege ta tion , and preser­
va tion  o f archaeological findings. F edera l person­
nel have b road  pow ers o f  approval, in spec tion , and 
en fo rcem en t. We have agreed to  these s tipu lations 
w hich  have been  public ized  as a m odel fo r 
env ironm enta l p ro tec tio n . T he N ational Environ­
m enta l Policy A ct is concerned  w ith  th e  same 
principles.
A no ther task  force was estab lished  to  review 
technical da ta  o n  the effec ts  o f  the  p ipeline on  th e  
env ironm ent and  to  evaluate  the design criteria. 
M ore sim ply s ta ted , it was to  define th e  p roblem s 
and  review so lu tions developed  by  o u r personnel 
w ith  the aid o f  private consu ltan ts . This g roup 
consists o f th e  U. S. G eological Survey and o th e r 
Federal and S ta te  governm ental agencies such as 
th e  Cold R egions Research and Engineering Lab, 
Federal W ater Q uality  A dm in is tra tion , C orps o f 
Engineers, C oast G uard.
To im p lem en t the  requ irem en ts  o f the  s tipu la­
tio n s  and th e  developm ent o f  designs, m uch basic 
d a ta  had to  be developed. F o r  exam ple, very little  
detailed  in fo rm a tio n  was know n a b o u t th e  types, 
characteristics and  loca tion  o f  the  perm afro st and  
soils along th e  pipeline ro u te  o r o f  th e  p o p u la tio n  
and  m igratory  p a tte rn s  o f  certa in  w ildlife. We have 
coun ted  and charted  m ovem ents o f  caribou  and  
o th e r  w ildlife, have de te rm ined  species and  p o p u ­
lations o f fish , have reco rded  m arine biological 
cond itions, have excavated  m any archaeological 
sites, have de te rm ined  w eather an d  sea-current 
data . These are am ong num erous activities re ­
qu ired  due to  the  lack o f  reco rded  data  no rm ally  
available in m any  m ore developed areas.
P ipeliners believe a pipeline shou ld  be  bu ried  
w herever prac tica l fo r reasons o f  aesthetics, n o n ­
in terference  w ith  w ildlife m igrations, access by
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hum ans, reduced  exposures to  ex trem es o f  tem ­
pera tu res, an d  to th e  effects o f  seism icity , p ro ­
tec tio n  against fo rest fires, vandalism , and  m any 
o th er fac to rs.
T he d e te rm in a tio n  o f w here it  is p ractical to  
bu ry  a pipeline is prim arily  soils d ependen t. A 
buried  p ipeline tran sp o rtin g  w arm  o il will m elt th e  
perm afrost a t a ra te  and in  a th a w  bulb p a tte rn , 
b o th  o f  w hich  are p red ic tab le. T h is  m elting is a 
p rob lem  on ly  w here the  p e rm afro s t is o f  such  
character and  ice c o n te n t th a t it becom es unstab le  
upon thaw ing .
A logical question , th en , is w hy tra n sp o rt 
warm  oil. C ertain  b en efits  are in d ica ted  by  cooling 
the oil at below -freezing tem p era tu re s  to  preven t 
m elting. D etailed stud ies reveal m ajor design and  
opera ting  p rob lem s w hich ren d e r  the concep t 
invalid. No cooling m eth o d  or m ed ia  is sa tisfac to ry  
when considering th e  seasonal tem p e ra tu re  effects. 
The rap id  cooling resu lts  in p a ra ffin  d ro p o u ts  fo r 
w hich no effective, and env ironm en ta lly  p ro ­
tective, disposal m e th o d  is available. The cooling 
tends to  cause adverse basic changes in physical 
p roperties and  behav ior p a tte rn s  o f  the oil. Even if 
the  oil cou ld  be coo led  sa tisfac to rily , th e  h ea t 
generated  b y  the flow  fric tion  w o u ld  again elevate 
the tem pera tu res. T hese facto rs estab lish  th e  w arm  
oil co n d itio n . H ow ever, no  h e a t is in ten tio n a lly  
in troduced  in to  th e  system .
As s ta ted  previously, the  th a w  dim ensions and  
thaw  rates are pred ic tab le . In  o rd e r  to  m ake th is  
d e te rm ina tion , a w ea lth  o f soils d a ta  is requ ired  on  
heat d issipation  fro m  the  pipe to  th e  soil. The hea t 
d issipation is a ffec ted  by  the  ty p e  and lo ca tio n  o f 
perm afrost and soils; the  ch a rac te r o f the  soils 
before , during an d  after th a w ; the m elt ra te ; 
m igration o f  m elt w ater; seasonal tem p era tu res; 
ice-con ten t and lo ca tio n ; p ipeline  in su la tion ; and 
m any o th e r  param eters. The h e a t tran sfer d e te r­
m inations are m ade on  a co m p u te rized  m ath e ­
m atical m odel. T he w ork is very  com plex  and o f  a 
p ioneering natu re . In o rder to  verify the  h ea t 
transfer m odel resu lts  th ro u g h  ground tru th , a 
heated  experim en ta l pipeline section has been  
co n stru c ted  in F airbanks. T he section  sim ulates 
the o pera ting  con d itio n s  o f th e  line  in various soils 
and perm afrost, w ith  em phasis on th e  critical 
F airbanks silt o r loess soils. T h is insta lla tion  also is 
being used to  d e te rm in e  th e  ty p es  o f vegetation  
w hich will grow over and ad jacen t to  a h ea ted  
pipeline so  th a t th e  revege ta tion  process can  be 
im plem en ted  w hen required .
The m elting o f  the  p e rm afro s t has a w ide 
range o f effects, fro m  negligible to  critical, on  soils 
perform ance. P erm afrost has n o  standard  m easure­
m ent param eter ex cep t its tem p e ra tu re  cond ition . 
Low ice-content perm afrost, such as typ ically  
exists in the  h igher, w ell-drained areas and in  the 
gravel deposits in  th e  benches o f  selected  stream s,
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m ay be  m elted  and s tab ilized  w ith  m in im um  harm  
to  th e  env ironm en t. C onversely , perm afrost in 
high ice-con ten t, loess soils, d e p e n d e n t on th e  
local te rra in  cond itions, m ay  p resen t serious p ro b ­
lems. M ajor p rob lem s w h ich  are caused o r  m agni­
fied b y  thaw ing  include  soil se ttlem en t o r , specifi­
cally, d ifferen tia l so il se ttle m en t, slope s tab ility , 
p o ten tia l o f  soil liq u e fac tio n , and soil erosion.
Alaska is an area o f ex tensive seism ic activ ity . 
We have assum ed th a t m ajor earth q u ak es will 
occu r in th e  v icin ity  o f th e  p ipeline ro u te . T he 
effects o f th e  ea rthquake  a re  closely re la ted  also to  
soils characteristics and  to  te rra in . D etailed  investi­
gations ind ica te  th a t  e a rth q u a k e  risk areas, in 
general o rd e r  o f decreasing  severity  or p ro b ab ility  
o f occurring , are landslides along river b luffs, 
shallow  landslides o n  slopes, p o ten tia l fo r liq u e­
fac tio n  o f  soils, p ipeline  flexu re  due to  seism ic 
shear waves, and surface b reakage due to  fau lting  
o r tec to n ic  creep.
We have tak en  th e  p o s itio n  th a t the  best 
p ro te c tio n  against these soils-associated p roblem s 
is th e ir  avoidance. This avo idance  is accom plished  
th ro u g h  critical se lec tiv ity  o f th e  ro u te  o r selec ti­
v ity  o f th e  soils w h ich  estab lish  the  ro u te . M ost 
p o ten tia l landslide areas can be avoided by  m ino r 
rerou ting .
The m ajority  o f  p rob lem s are so re la ted  to  
soils th a t a massive soils investiga tion  p rogram  has 
been  u n d er way fo r  a b o u t tw o  years. This inves­
tig a tio n  includes m e th o d s  such as in te rp re ta tio n  of 
regular b lack  and w hite , co lo red , an d  infrared  
aerial p h o to g rap h y  and de ta iled  sam pling and 
analysis o f  freq u en t soil borings. C om pleted  or 
u nder w ay are a b o u t 3 ,0 0 0  b o reh o les  w ith  nu­
m erous o th e r  data  sources such as previous borings 
fo r h ighw ay c o n s tru c tio n  and oil ex p lo ra tio n . 
While th e  borings are effec tive, the  m eth o d  is 
penalized  by  the  dem ands o f t im e  and m oney . In 
an e ffo rt to  o b ta in  fas te r an d  m ore com plete  
coverage, several ex p erim en ts  w ere  co n d u c ted  u ti­
lizing terra in -p rob ing  rad a r  and  seism ic m ethods. 
U n fo rtu n a te ly , th ese  m eth o d s, while prom ising, 
have n o t been  developed  to  th e  e x te n t th a t th ey  
provide a useful too l for o u r  specific design 
requ irem en ts.
W ith th e  de ta iled  soils in fo rm a tio n , th e  be­
havior o f th e  soils u nder various co n d itio n s  m ay  be
p red ic ted . The allow able lim its o f  the  soil behavior 
m ay be  estab lished  by  th e  p e rfo rm an ce  o f  the 
p ipe, as in  th e  case in  d iffe ren tia l soil se ttlem en t. 
Thin-w all, high-yield line p ipe  has th e  d em o n ­
s tra ted  ab ility  to  con fo rm  to  th e  c o n to u rs  o f  the  
p ipe tren ch . T he lim its o f  th is  ab ility  are being 
estab lished  on  th e  selected  p ipe b y  d e flec tio n  tests 
u n d er fu ll opera ting  stresses d u e  to  in te rn a l pres­
sure and  th erm al expan sio n  forces.
W ith all these  investigations and tes ts , we fully  
recognize th a t in  certa in  areas th e  critica l soils and 
co n d itio n s  m ay n o t be avoided . W here th e  line 
m ay n o t be bu ried  w ith  assurance o f  env ironm en t 
an d  pipeline p ro te c tio n , the  line w ill be con­
s tru c ted  on elevated s tru c tu re s  su ch  as pile- 
su p p o rted  ben ts  o r gravel pads.
O th er areas o f  in te res tin g  challenge and  in­
vestigation  are in  p e rfo rm an ce  o f  th e  p ipe  in 
refrozen  soils and  revegeta tion . The co ld  p ipe test 
near P o in t B arrow  was designed to  evaluate  the 
pipe stresses due to  ice freezing  and crack ing  and 
to  evaluate th e  env ironm en ta l e ffec ts o f various 
co n stru c tio n  m ethods. R esu lts  in d ica ted  th a t 
freeze stresses are  m inim al w ith  respect to  th e  pipe 
s tren g th  and th a t  gravel pads and foam ed  insu la­
tio n  are effective in co n tro llin g  perm afro st thaw  
caused b y  in ten tio n a l surface d istu rbance .
R evegeta tion  is im p o rta n t as a n a tu ra l insu la­
tio n  to  prevent o r  co n tro l thaw ing  o f  th e  perm a­
frost. Investigations being  m ade inc lude  th e  selec­
tio n  o r  developm ent o f su itab le  p lan t species, the  
effects o f fertilizers and  g ro w th  ho rm ones, and  the 
effects o f grazing on  b o th  th e  co ld  and warm  
pipeline environm ents.
These, o f course, are only  som e o f  the 
env ironm ental challenges facing  us. We recognize 
and accep t th e  fac t th a t  th e  env ironm en t an d  the  
p ipeline m ust be  p ro te c te d  fro m  dam age. We are 
convinced we have th e  basic  know ledge to  ac­
com plish  th is. Som e m istakes will be  m ade; w e will 
co rrec t them . We believe w e can p roceed  w ith 
con stru c tio n , w hile c o n tin u in g  to  learn , fo r  the  
final tes t o f th e  design basis is th e  a c tu a l perfo r­
m ance in opera tions. We are  p roud  o f  th e  p e rfo r­
m ance o f th e  oil in d u stry  in p ro te c tin g  the 
env ironm ent on  th e  N o rth  Slope. We rep resen t the  
sam e industry  w ith  th e  sam e in te n tio n s  and 
capabilities. We are w illing to  s tand  o n  th a t record .
A. V. Cardin
A. V. Cardin was born in Mountain Grove, Missouri. He attended Southwest Missouri State College. After two 
years of teaching in the public schools and four years of Naval Service in World War II, he entered the University of 
Missouri-Rolla from which he graduated with a B.S. Degree in Civil Engineering in 1948. He was employed by Humble 
Pipe Line Company and has since worked in various engineering and management positions. He has worked on special 
projects with other Standard Oil Company (N.J.) affiliates. In 1968, he was assigned as Manager of Engineering for the 
Trans Alaska Pipeline System, now reorganized as Alyeska Pipeline Service Company.
U M R  Journal, No. 2 (June 1971)
67U M R Journal, No. 2 (June 1971)
Arctic O il and the SS M anhattan
R. H. V enn
Vice President and D irec to r 
H um ble Oil and R efin ing C om pany
The discovery o f oil on  A laska’s N o rth  Slope 
in  1968 no t on ly  focused  a tte n tio n  o n  th a t rem ote  
p a rt o f  ou r w orld , it set th e  stage fo r  one o f  the  
m ost exciting and  significant scien tific  expeditions 
o f o u r  tim e—th e  voyage o f  th e  ice breaking  tanker 
SS M anhattan  th ro u g h  th e  N orthw est Passage.
In  the  space available I w ould  like to  discuss 
w ith  y o u  th a t h isto ric  e x p ed itio n , how  it cam e to  
be, and  com m ent on  the  resu lts , as w e see them .
GEOGRAPHY AND OIL
But first, le t’s consider the  geography in­
volved. The N o rth  Slope o f Alaska covers abou t
69 ,000  square miles, ex tend ing  from  the  Bering 
Sea on the  West to  th e  C anadian b o rd er on  the  
east—a distance o f  500 m iles; and from  the Brooks 
Range on the  S ou th  to  th e  A rctic  O cean, a 
d istance varying from  50  to  200  m iles. Because o f 
Naval P etro leum  Reserve N um ber 4 on th e  west 
and a w ildlife refuge on  th e  east, only  abou t 
one-th ird  of th e  S lope—or som e 15 m illion acres— 
is available fo r com petitive  ex p lo ra tio n .
The presence o f h y d ro ca rb o n  deposits  in th e  
area has been  know n since th e  early 1800’s, w hen 
several na tu ra l seeps w ere described  and investi­
gated. And a lthough  th e  Navy and  o thers  had 
exp lored  for pe tro leum  o ff and  on during the  last 
25 years, it w asn’t u n til H um ble and A tlan tic  
R ichfield in partnersh ip  b ro u g h t in  the  P rudhoe 
Bay No. 1 w ell as a d iscovery in Ju n e , 1968 th a t  
peop le  began to  appreciate  the  p o ten tia l o f th e  
N o rth  Slope. C on firm ation  o f  a m ajor deposit o f  
o il—conservatively estim ated  a t be tw een  5 and 10 
b illion  barre ls—was ind ica ted  a sh o rt tim e  la te r 
w ith  com ple tion  o f th e  Sag River w ell seven miles 
to  th e  sou theast.
C urren tly , th e  in d u sty  has a b o u t 1.3 m illion 
acres under lease in N o rth  A laska, including those  
purchased in  th e  record  $900  m illion s ta te  lease 
sale in  S ep tem ber 1969.
P rudhoe Bay is a large oil field  w ith  great 
prom ise, b u t le t m e say tw o  th ings abou t it. F irst, 
it canno t possib ly  m ake th e  U.S. to ta lly  self­
efficien t in oil over th e  com ing decades. A nd 
second, it c an n o t logically be com petititve  w ith  
th e  M iddle E ast. A look  at a few o f  the  econom ic  
fac to rs  involved w ith  will underscore  th is  la tte r  
po in t.
ENVIRONMENT COSTS AND ECOLOGY
In Alaska, env ironm ent is a m ajor econom ic  
fac to r. T ake th e  w eather, fo r exam ple. Severe
tem pera tu res requ ire  th a t the  w ork ing  areas o f  a 
drilling rig be  enclosed fo r the  p ro te c tio n  o f  crews. 
Even so, tem p era tu re s  are ex trem e ly  low and m en 
m ust w ork heavily b u n d led  in c lo th ing . D rill p ipe 
becom es b rittle , all opera tions  slow  dow n, and th e  
result is high cost. In  the  low er 4 8 , average drilling 
costs fo r an  oil w ell run  $13 p e r  foo t. On th e  
N orth  Slope, costs ju m p  to  a w hopp ing  $142  per 
foo t. A nd opera ting  costs are also  astronom ical— 
$18 ,000  p e r day in Alaska, as com pared to  
$10 ,000  a day  for an  offshore rig  in th e  G ulf o f  
M exico, and $3 ,000  daily  fo r a conven tional West 
Texas land rig.
We also have n a tu re  to  th in k  abo u t. We have 
to  m ake sure th a t o u r  o pera tions do  n o t harm  th e  
w ildlife and  o ther elem ents o f th e  A rc tic ’s eco­
logy. We canno t c u t corners—and  w e certa in ly  are 
not going to  try . We at H um ble firm ly  believe th a t  
it is far b e tte r  to  prevent a p rob lem  from  
developing th an  try  to  rec tify  one  a fte r th e  fact.
W ith h igh drilling costs like these, it becam e 
apparen t th a t n o t only  m ust w e have a large 
reserve o f crude o il to  w ork w ith  b u t tra n sp o rta ­
tion from  well head  to  the  re fin e ry  m ust be done  
in th e  m ost econom ical m anner possible.
ARCTIC MARINE TRANSPORTATION
When we launched  our investigation  in to  
A rctic m arine tra n sp o rta tio n  possib ilities, we co n ­
sidered such  fac to rs  as ship pe rfo rm ance  in  ice, 
econom ic analysis and env ironm en ta l conserva­
tion . We found  m athem atica l fo rm u la tio n s  w hich  
deal w ith  th e  perfo rm ance o f  ships in  ice and 
investigated them  w ith  the  he lp  o f  com puters  in 
H ouston. In  coopera tion  w ith  th e  Coast G uard , we 
conducted  m odel tes ts  o f ships in  ice in th e  N avy’s 
U nderw ater W arfare C enter ta n k  in San Diego. 
O ther m odel tests  were perfo rm ed  using one  to  
tw en ty  scale m odels on a lake in  th e  F ren ch  Alps. 
F rom  this research  we learned  som eth ing  abou t 
the  ac tion  o f  ice as it b reaks a ro u n d  a sh ip ’s bow . 
A dditional pre-test ice data  cam e from  research  by 
University o f A laska scientists a t  Port C learence.
A fter exam ining  all o f th e  assem bled da ta , we 
began to  feel th a t it was possib le to  op era te  a large 
ship w ith  high p o w er in the  A rc tic  on a year-round  
basis. We also knew , how ever, th a t the data  
ob tained  w ith  m a th  and m o d e l studies did not 
necessarily apply to  full-scale or “ real w orld” 
cond itions. And w e  realized th a t  a t som e p o in t the  
tests, theories, a n d  calcu lations had to  be applied 
to  th e  real thing.
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So we decided to  tak e  a $40  m illion gam ble 
and p u t an icebreaking ta n k e r  in  the  A rctic  as a 
da ta  co llec tion  vehicle. T w o  o th e r  co m p an ies— 
A tlan tic  R ichfield and  BP O il—elected  to  p a rtic i­
pate in th e  pro ject fo r $2 m illion  each and  share 
the  in fo rm a tio n  gained.
THE SS M ANHATTAN
T he first step was to  find  a su itab le  ship and  
a fte r surveying  the w orld  flee t w e selected  th e  SS 
M anhattan , a 115 ,000  deadw eigh t-ton  tan k e r  w ith
4 3 .0 0 0  shaft horsepow er. In  ad d itio n  to  her size 
and heavy co n stru c tio n , she possessed a h igher 
th an  usual pow er to  w eight ratio . (F igure  1)
E xtensive m o d ifica tions  w ere requ ired  to  co n ­
vert her to  an  icebreaking tan k e r  and d a ta  acquisi­
tion  system . Because o f  the  m agn itude  o f the  
conversion and  the need fo r  its q u ick  co m p le tio n , 
we decided  to  cut th e  ship  in to  sections an d  u tilize  
the  services o f fo u r  d iffe ren t sh ipyards s im ulta­
neously . A t one tim e, th e re  w ere as m any as
10 .000  m en w orking on  th e  job .
In a d d itio n  to  s treng then ing  th e  hull, they  
insta lled  new h igh-streng th  p ropellers, ta il shafts, 
an d  rudders to  p ro te c t fro m  possible ice dam age. 
B ut these changes w ere, in a sense, m inor. The 
m ost im p o rta n t m od ifica tions fell in to  th ree  rela­
tively  new  areas.
P robably  th e  m ost unusual new  fea tu re  o f  the  
M anhattan  was h e r new icebreak ing  bow . It was 
designed to  tak e  advantage o f th e  m ost im p o rtan t 
co m p o n en t o f fo rce  w hich  a sh ip  p laces on  ic e -  
dow nw ard  pressure. The bow  strikes th e  ice a t a 
very shallow  ang le—18 degrees—genera tes a large 
inclined-plane fo rce , th en  rides u p  u n til th e  w eight 
o f  the ship causes the  ice to  b reak . This bow  
design, w ith  its very shallow  fo rw ard  angle, gives a 
large susta ined  fo rce  on  the  ice w hile causing a 
relatively  small peak  load to  be ex e rted  o n  the 
ship. It w orked  very  well du ring  th e  voyage.
The second innovative design fea tu re  o f  the 
M anhattan  was an  ex tension  o f  th e  bo w  eight feet 
b ey o n d  th e  hull o n  each side. This p rovided  m ore 
free w ater along th e  sides o f th e  hull and  reduced  
ice fric tion  (F igu re  2).
Figure 1. The SS Manhattan in Open Water
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Figure 2. DOUBLE CRUNCH-Humble Oil & Refining Co.’s icebreaking tanker, the SS Manhattan, and 
the Canadian Ministry o f Transport’s newest icebreaker, the Louis S. St. Laurent, crunch through the 
snow-covered ice of northern Baffin Bay. The Manhattan is completing its second Arctic voyage to 
collect data for use in determining the economic feasibility of transporting Alaskan crude oil through the 
ice-covered Northwest Passage to the U.S. East Coast.
The third innovation was an external sloping 
ice belt along the sides o f the hull. This belt o f  
inch-and-a-quarter steel added extra strength and 
protection.
When reassembled, The Manhattan was longer 
than the Eifel Tower is tall. Her length increased 
from 940 to 1,005 feet and her beam, or width at 
the broadest point, grew from 132 feet to 155 
feet. And she was 10,000 tons heavier. She also 
was equipped with the most sophisticated com­
munications and electronics devices ever installed 
on a commercial ship. To overcome the notorious 
Arctic radio blackouts, she had a communications 
network effectively 500 times more powerful than 
that normally found on commercial ships. The 
Manhattan’s navigation system used radio signals 
from four earth satellites placed in polar orbit as 
part o f the U.S. Navy’s Navigation Satellite System 
program. When a satellite dropped below the 
horizon, sonar took over. Impulses bouncing off 
subsurface water currents flowed to the computer 
which determined the ship’s velocity. The captain 
knew his location to within half the ship’s length 
and his craft’s speed within one-tenth o f a knot. 
Instruments on board also measured the ship’s 
motions, pressure against the hull, and power plant 
performance. Closed circuit television monitored
the ice flow and breakage patterns around the 
ship.
While the Manhattan was being modified, 
deck officers underwent extensive training activ­
ities aboard the Canadian icebreaker John A. 
Macdonald and the Coast Guard’s Staten Island to 
become acquainted with the operation of an 
icebreaking vessel. Other officers visited ice­
routing offices operated by the Canadian Depart­
ment of Transport in Halifax and the U.S. Navy’s 
Ice Observation School in Maryland.
They might well have attended the Navy’s 
Supply School, too, because stocking the Manhat­
tan for her voyage proved to be a major task. 
Provisions included 5,600 quarts o f fresh milk,
51,000 pounds o f meat, 70,000 pounds of canned 
and dried food, 40,000 pounds of fresh fruits and 
vegetables, and 51,000 fresh eggs. They even 
loaded 300 watermelons. Stores included 4,800  
bars of soap, 1,500 light bulbs, jogging machines, a 
putting green, a portable x-ray machine, 100 
full-length movies, and three ice makers. All told, 
the ship took on 8 ,000 different store items.
The Manhattan’s fuel order of 184,000 barrels 
o f bunker oil went into the record books as the 
largest in commercial marine history. (The normal 
bunker fill-up of the luxury liner United States
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ru n s  a b o u t 4 0 ,0 0 0  b arre ls). In  a d d itio n  to  h e r  o w n  
fuel, th e  M an h attan  carried  3 0 ,0 0 0  b a rre ls  o f  
special diesel oil f o r  refueling  th e  U .S . and  
C an ad ian  icebreakers th a t  acco m p an ied  h e r, p lus
5 ,0 0 0  barrels o f  je t  fu e l  for th e  h e lico p te rs .
F ro m  a tech n ica l and  sc ien tific  v iew p o in t, th e  
voyage o f  th e  M an h a ttan  th ro u g h  th e  N o rth w e s t 
Pasage in  the  fa ll o f  1 9 6 9  gave us a g rea t v o lu m e  o f  
usefu l in fo rm a tio n . H ow ever, it w as im possib le  to  
d raw  conclusions a b o u t  th e  p o w er re q u ire m e n ts  o f 
an  iceb reak ing  ta n k e r  because  o f  th e  g rea t varia­
tio n  in  ice th icknesses  e n c o u n te re d  at th a t  tim e  o f 
th e  y e a r  (F igure  3). This th ick n ess  ranged  from
fou r to  22 fee t a n d  varied  to  th is  e x tre m e  over 
such  sh o rt d istances  as th e  len g th  o f  th e  sh ip , 
m aking  it d iff icu lt to  re la te  th e  pow er requ ired  to  
m ove th ro u g h  given ice c o n d itio n s .
A nd  so to  fo cu s  m o re  accu ra te ly  o n  pow er 
req u irem en ts , th e  M a n h a ttan  m ade  a seco n d  d a ta - 
co llec tio n  voyage in  th e  sp ring  o f  1970. T his is th e  
heaviest ice season o f  th e  y ea r in  the  A rc tic  ju s t  
p iro r to  s ta r t  o f  th e  su m m er m elt. On th is  second  
trip , th e  ice available fo r  tes tin g  ap p ro a c h e d  
lab o ra to ry  co n d itio n s  w ith  varia tions in  th ick n ess  
o f o n ly  one  to  tw o  inches fo r  several m iles a long  
th e  ro u te . T hese c o n d itio n s  a llow ed us to  co llec t
F igure 3. T h e  SS M a n h a tta n  in A rc tic  w aters .
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highly reliable d a ta  on  ship speed-pow er re la tion ­
ships. By co o rd in a tin g  these  data  w ith  environ­
m en ta l s ta tis tic s  co llected  du ring  th e  past w in te r 
b y  side look ing  radar overfligh ts an d  by ground- 
based  personnel, we w ere able to  assess th e  
p o ten tia l o f A rc tic  sh ipp ing  w ith  a considerab ly  
h igher degree o f  confidence  (F igu re  4).
A fter analyzing  all o f  th e  opera ting  d a ta  from  
th e  tw o voyages, we have d raw n  tw o  basic 
conclusions: F irs t, th a t use o f  icebreak ing  tankers  
to  tran sp o rt c ru d e  oil from  A laska’s N o rth  Slope 
to  U.S. m ark e ts  is feasib le; second , th a t p ipeline 
tra n sp o rta tio n  o f th is  oil appears to  have an  
econom ic edge over iceb reak ing  ta n k e rs—at least a t 
th e  present tim e . A ccord ing ly , H um ble has sus­
pended  its icebreak ing  ta n k e r  s tud ies w hile c o n ­
cen tra tin g  o n  pipeline a lte rna tives. Should  eco ­
nom ic fac to rs  change, how ever, o r o th e r c ircum ­
stances w a rra n t—tan k e r d eve lopm en t w ork can be  
resum ed on  sh o rt no tice .
A lthough  we are suspend ing  o u r  icebreaking  
tan k e r  s tud ies fo r th e  p resen t, we will c o n tin u e  
m arine stud ies concerned  w ith  ta n k e r  m ovem ents 
o f  oil fro m  V aldez, an ice-free po rt on th e  
so u th e rn  coast o f A laska, to  th e  U .S. West C oast.
H um ble is firm ly c o m m itted  to  the  p roposed  
T rans Alaska P ipeline—ex ten d in g  8 0 0  m iles from  
A laska’s N o r th  S lope to  V aldez—w hich  w ould  
serve as a key  link  in  th e  tra n sp o rta tio n  system  to  
serve West C oast c rude  o il needs. C onven tional 
tankers, w ith  no iceb reak ing  e q u ip m en t, w ould  
load crude o il a t V aldez fo r delivery  to  West C oast 
refineries.
Even th o u g h  H um ble  has decided  on  th e  
pipeline a lte rna tive  fo r  tra n sp o rtin g  crude oil fro m
the  N o rth  Slope, th e  voyages o f  the  M anhattan  
m ay prove highly significant in  th e  deve lopm en t o f 
the  A rctic  and  its resources. A  n ew  in te rn a tio n a l 
trad e  ro u te  th ro u g h  the  N o rth w est Passage also 
could  have a p ro fo u n d  in fluence  on w orld  trad e  
pa tte rn s . I t  w ould  m ean th e  fu lfillm en t o f  th e  
500-year-old  d ream  o f a sh o rte r  and m o re  d irec t 
ro u te  from  E urope  to  th e  F ar E ast. T here  is a 
po in t on th e  n o r th  shore o f B anks Island , som e 
500 miles east o f P rudhoe Bay, w hich  is roughly  
eq u id is tan t from  th e  cities o f N ew  Y ork , L ondon , 
and T o k y o . W ith th is  cen tral p o s itio n , th e  N o rth ­
west Passage cou ld  becom e th e  ca ta ly st w hich  
opens the  resources o f far n o r th e rn  A laska and 
C anada to  th e  w orld . A y ea r-ro u n d  sea ro u te  could  
do fo r th is  area w hat the  ra ilro ad  d id  fo r the 
w estern  U nited  S ta te s —and m ight do it qu icker.
T he  m ining in d u strie s  o f th e  A rctic  are still in 
th e ir in fancy  stage, prim arily  d u e  to  tra n sp o rta tio n  
problem s. But th e re  is great m in era l w ea lth  th ere , 
ju st aw aiting—if y o u  will p a rd o n  th e  p u n —fo r the  
breaking  o f  the ice.
We believe th a t  th e  M a n h a ttan ’s voyage has 
m ade a c o n tr ib u tio n  to  th e  sc ien tific  and educa­
tio n a l c o m m u n ity  and to  b o th  the U.S. and 
C anadian governm ents. We fee l th a t th e  M anhat­
ta n ’s voyage will s tim u la te  in te re s t in th e  A rctic  in 
the  sam e m anner th a t  o th e r  h is to ric  voyages have 
spurred  d eve lopm en t in the  o th e r  places. W hatever 
the  long-range consequences o f  her voyages, we 
know  th a t  the  M an h attan ’s findings will add 
im m easurably  to  o u r  know ledge o f th e  w orld  we 
live in.
Figure 4. BREAKING A PATH—The largest commercial ship ever built in the United States, the SS 
Manhattan, breaks a path through the ice as it nears the completion o f testing during its second Arctic 
voyage. On its maiden Arctic voyage last year, the Manhattan became the first commercial ship to transit 
the Northwest Passage.
U M R  Journal. No. 2 (June 1971)
72 R. H. Venn
R. H. Venn
R. H. Venn, vice president and director of Humble Oil & Refining Company, was born in Pentwater, Michigan. He 
graduated from Wayne State University, Detroit, in 1933 with a B.S. degree in chemical engineering. He received a M.S. 
degree in chemical engineering in 1934 from the Massachusetts Institute of Technology. He also attended the 
Management Program at the Harvard Graduate School of Business Administration.
Mr. Venn joined Humble in 1934 as a junior chemical engineer at the Baytown, Texas, refinery. He was promoted 
in 1938 to section head, Baytown Technical Service. In 1942, he was made a senior project engineer, and in 1945 
became technical assistant to the director in charge of refining, Houston office. He was promoted to manager of the 
Refining Department in 1955, and became manager of the Marketing Department in 1958. On December 1 of the 
following year, he was named to the board of management of the Humble Division.
Mr. Venn was named vice president in charge of the Southeast Esso Region of Humble late in 1960, with 
headquarters in New Orleans. In 1962, he was elected to the Board of Directors of Humble Oil & Refining Co. and was 
named vice president in 1963.
He is a member of the American Petroleum Institute, the Houston Engineering and Scientific Society, the 
American Association for the Advancement of Science, the Texas Manufacturers Association, the National Association 
of Manufacturers, and is vice chairman of the board of Junior Achievement of Southeast Texas. He is also a member of 
the Southern Region Board of Junior Achievement, Inc., and the National Executive Committeee of Junior 
Achievement, Inc. He is a member of St. Martin’s Episcopal Church, the Petroleum Club, the Houston Club, and the 
Lakeside Country Club.
Mr. and Mrs. Venn make their home at 5913 Crab Orchard in Houston. They have three daughters: Victoria, 
Cynthia, and Katherine.
U M R  Journal, No. 2 (June 1971)
73U M R  Journal, No. 2 (June 1971)
Arctic M arine  Terminals-Some Environmental 
and Engineering Considerations
Robert L. McCollom, Jr.
Dames and Moore 
Anchorage, Alaska
and
William W. Moore 
Dames and Moore 
San Francisco, California
ABSTRACT
Studies are presently underway to determine the technical and economic feasibility of various Arctic marine 
transportation systems, including ice-breaker super-tankers and submarine tankers. An important consideration in these 
studies is the design and construction of marine terminal facilities which will be suited to the unique problems o f the 
Arctic. Factors which will significantly affect the design of proposed marine terminals include:
1) bathymetric configuration o f the continental shelf;
2) influence of moving pack ice on artificial structures, both at the air-water interface and along the bottom;
3) lateral and vertical variations in soil conditions, including residual permafrost, which might adversely affect 
stability of offshore pipelines or structures; and
4) instability of existing shoreline.
Several basic designs for marine terminals are considered with respect to environmental and engineering problems 
including:
1) nearshore harbor sheltered by a breakwater;
2) offshore artificial islands;
3) underwater terminals; and
4) cone-shaped offshore platforms, either pile supported or gravity-type structures.
INTRODUCTION
Recent discoveries of petroleum reserves at 
Prudhoe Bay in Alaska and Atkinson Point, 
N.W.T., Canada have initiated a number of studies 
regarding feasible methods of transporting the 
Arctic oil and gas to the major markets in southern 
Canada and the United States. Various pipeline 
routes have been considered through Alaska and 
Canada, but for technical, economic and political 
reasons construction has thus far been delayed.
For several years, industry has been consider­
ing the feasibility of utilizing ice-breaker super­
tankers which would travel from the Arctic 
through the Northwest Passage to refineries and 
markets in the east. More recently a concept 
involving the use of submarine tankers which 
would be capable of crossing the North Pole to 
European markets as well as negotiating the 
Northwest Passage has been proposed (Figure 1).
As part of the feasibility study for transport­
ing petroleum by tanker, consideration is being 
given to the location, design, construction and 
maintenance of petroleum storage facilities and 
marine terminals in the Arctic. Numerous environ­
mental and engineering factors will have to be 
considered before the technical and economic 
feasibility of the project can be determined.
Because of the need to provide petroleum 
transportation systems which will virtually eli­
minate potential oil spills, the design for any 
proposed marine terminal will undergo extensive 
scrutiny by the various governmental agencies 
before approval. Preliminary data regarding ice 
movement and soil conditions are presently being 
collected for design purposes; however, additional 
studies will be required before all the engineering 
problems can be resolved.
ARCTIC CONTINENTAL SHELF
The broad, shallow shelf along the Alaskan 
Arctic coastline presents considerable design prob­
lems for the construction o f a marine terminal 
which would accommodate deep draft tankers. As 
shown on the bathymetric map of the Beaufort 
Sea (Figure 2), water depths of 80 to 100 feet 
required for deep draft supertankers are no closer 
than 25 miles from shore in most places along the 
Alaskan Arctic coast. Long, narrow, barrier islands 
present along some areas o f the coastline help 
bridge this gap somewhat but considerable dis­
tance still remains between tanker and shoreline. 
The only viable alternatives to the bathymetric 
problem appear to be either: (1) bring the tankers
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Figure 2. B a th y m etric  M ap o f the  B eau fo rt Sea (C o n to u rs  in F a th o m s)
closer to  shore by  dredging a channel o r (2) 
co n stru c t a deep w a te r m arine term ina l w hich  
w ould  be connected  to  onsho re  sto rage  facilities 
by  subm arine  p ipeline.
The engineering and econom ic  considerations 
fo r e ith e r a lte rnative  are staggering. F o r  exam ple, 
to  dredge a p ro te c te d  h a rb o r and a channel 
n o rth w ard  from  P ru d h o e  Bay o u t  to  80 fee t of 
w ater w ould  requ ire  dredging b e tw e en  500 and 
700  m illion cubic ya rd s  o f  m ateria l. A reas closer 
to  deep w a te r such  as Cross Island  and Brow nlow  
P o in t w ou ld  still requ ire  50-200  m illion cubic 
yards o f dredging. In  a d d itio n , th e  channel w ould  
have to  be m ain ta ined  period ica lly  to  preven t 
sed im en ta tio n  fro m  b lock ing  passage o f  the  deep 
d ra ft tankers. M uch o f th e  dredging  w ould  have to  
be accom plished  o u t in the  m oving ice pack . A 
p o rtio n  o f  the  area dredged  is likely to  co n ta in  
rem n an ts  o f perm afro st w hich  w ould  be d ifficu lt
to  dig w ith  co n v en tio n a l c u tte r  heads. A system  o f  
b reakw aters  o r subm erged barriers  w ould  have to  
be p rov ided  to  p ro te c t th e  channel area  fro m  
blockage by  ice islands o r th ic k  p ressure  ridges. 
The o th e r  a lte rna tive , co n s tru c tin g  a deep  w ater 
m arine te rm in a l, requ ires th a t  an  artific ia l p la t­
form  b e  designed and  co n stru c ted  to  w ith stand  th e  
trem en d o u s fo rces genera ted  by  th e  polar ice pack.
ICE FORM ATION A N D  MOVEMENT
T he m ost fo rm idab le  p ro b lem  in  th e  design o f  
a deep w a te r m arine term ina l is th e  m ovem ent o f 
large m asses o f  sea ice w h ich  will im pinge o n  
su p p o rt s tru c tu re s . Sea ice fo rm s in  sheets general­
ly reach ing  a m ax im um  o f  6 to  10 fee t in  th ickness  
depend ing  o n  the  degree days o f  frost during  its 
fo rm a tio n  and  su b seq u en t yearly  bu ild -up .
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T he ice m ay be divided in to  th re e  zones: 
sho re-fast ice, pack ice and  a tra n s itio n  zone 
b e tw e en  the tw o . Shore-fast ice no rm ally  e x te n d s  
fro m  th e  shoreline o u t  to  th e  island  chain  and , 
u n d e r  certain  wind an d  ice co n d itio n s , som e 
d istan ce  beyond  the  islands. T he  te rm  “ sho re-fas t” 
is som ew hat a m isn o m er in th a t  the  ice sheet is n o t 
alw ays a con tinuous m ass c o n n ec ted  to  th e  sho re ­
line . M inor la tera l m ovem en t has b een  n o te d  on 
occasion  in areas w h ich  o therw ise  ap p ear to  be 
sho re-fast.
B eyond th e  re la tive ly  stab le  sho re-fast ice is 
pack  ice , a m obile m ass o f irregu larly  b ro k e n  ice 
sheets , pressure ridges and occasional ice islands 
w h ich  m ove p rim arily  in  an east-w est d ire c tio n  in 
response  to  w ind stresses (F igure  3 ). Pack ice has 
been  k now n  to  travel several m iles du ring  a day  
a lth o u g h  there  are tim es  w hen  l it tle  m ovem en t 
takes  p lace at an y  given loca tion .
T he transitional zone varies in  w id th  and 
ch a rac te r. At tim es i t  is m arked  b y  leads w hich  
sep ara te  stable ice f ro m  the  m obile ice floes. A t 
o th e r  tim es th e  zone is ch a rac te rized  b y  p ressure  
ridges and irregular b locks of ice w h ich  are 
p a rtia lly  m obile.
A ssum ing th a t a deep  w ater m arine  te rm in a l 
w ould  b e  construc ted  in  w ater d e p th s  o f 80  to  100 
fee t to  accom m odate  deep  d ra ft tan k e rs , the  
te rm in a l supporting  s tru c tu re  w ould  be su b jec ted  
to  trem en d o u s h o riz o n ta l forces ex e rted  b y  the  
pack  ice. A ccording t o  G erw ick  and  L lo y d  (1 9 7 0 ), 
“ a relatively  long w all w ith  a b /h  ra tio  (b  
is b re a d th  o f s tru c tu re , h  is ice sh ee t th ickness) o f 
15 o r m ore w ould  be su b jec ted  to  loads o f  45  k ips 
per square  fo o t.”  F o r  a slender vertica l w all o f  25 
fee t in  w id th  w ith  a b /h  ra tio  o f 4 , an  ice sh ee t 10 
fee t th ic k  w ould  im p o se  a load o f  95 k ip s per 
square  foo t. A ssum ing th e  vertica l s tru c tu re  to  be 
a cy linder ra th e r  th a n  a w all, th e  loads w ou ld  be  
m od ified  by th e  sh ap e  fa c to r  and  w ould  be, in 
each  case, a b o u t 10%  less. I f  a p ressure  ridge ra th e r  
th an  sheet ice w ere to  im pinge on th e  s tru c tu re  th e  
loads im posed  w ould  be  a p p ro x im ate ly  2 .2  tim es 
as great.
A n o th er p ro b lem  in a d d itio n  to  th e  loading  
fac to r is the effec t o f  ice p ile-up o n  the  s tru c tu re . 
“ In  general p ile-up w ill o ccu r if  th e  ra t io  b /h  is 
g rea ter th an  15. F o r ra tio s  o f  u n d e r  15 th e  ice will 
ten d  to  split and pass o n  e ith e r  side o f  the  
o b s tru c tio n . Thus, f o r  s tru c tu re s  w ith  a w id th  o f 
80  fe e t or m ore , p ile -up  can  o ccu r”  G erw ick  and  
L loyd (1970).
In  add ition  to  the  effec ts o f  ice a t the  
a ir-w ater in terface, p o te n tia l  hazard s ex is t due  to  
gouging of th e  o c e an  b o tto m  b y  g ro u n d ed  ice 
islands and pressure ridges. I t  is n o t  likely  th a t  th is 
w ould  effect the s tru c tu re  itse lf sign ifican tly ; 
how ever, any  u n d e rw a te r  p ipeline  lead ing  to  the
term ina l s tru c tu re  w ould  b e  sub jec ted  to  possib le 
ru p tu re  by  th e  ice unless it w ere a d e q u a te ly  
p ro tec ted .
FOUNDATION CONDITIONS
T h e  arc tic  p resen ts  'u n iq u e  p rob lem s w ith  
respect to  fo u n d a tio n  engineering  due p rim arily  to  
the p resence o f p e rm afro s t. In its  u n d is tu rb ed  
sta te  p e rm afro s t is re la tive ly  solid  and stab le . If, 
how ever, th e  th e rm al regim e is d is tu rb ed , p recau ­
tions m ust be tak e n  to  com pensa te  fo r  th aw  
conso lid a tio n  w hich  takes p lace as the  ice  in th e  
soil begins to  change phase.
O n  th e  N o rth  Slope o f  A laska the  p e rm afro s t 
is re la tive ly  th in  n ea r the  fo o th ills  of th e  B rooks 
Range and th ick en s rap id ly  n o rth w ard  to w a rd  th e  
coastline  reaching  a m ax im um  th ickness o f  slightly  
over 2 0 0 0  fee t. Due to  th e  w arm ing  e ffe c t o f th e  
A rctic  O cean, the  p e rm afro s t w edge p inches o u t 
rap id ly  n o r th  o f th e  coastline . T he  la te ra l e x te n t 
and d e p th  to  w hich  p e rm afro st occurs o ffsh o re  is 
u n k n o w n  due  to  th e  lack o f  ad eq u ate  subsu rface  
in fo rm a tio n . Perm afrost h as  b een  rep o rted  to  a 
d e p th  o f several h u n d red  fee t along th e  barrier 
islands. Iso la ted  pa tches o f  perm afro st b e y o n d  th e  
island chain  and  in certa in  o ffsh o re  areas along th e  
C anad ian  coastline  have b e e n  re p o rte d  b u t  it has 
been  assum ed th a t these rep re sen t areas o f re lic t 
p e rm afro st w hich  are g radually  being th aw ed  by  
by  c o n ta c t w ith  th e  sea w a te r and  are n o t very  
ex tensive. T h e  e x te n t to  w h ich  pe rm afro st is 
p resen t be tw een  th e  shore line  and  the  island cha in  
rem ains to  be resolved.
T here  has been  som e specu la tion  as to  w hy  
p erm afro st still exists in som e o ffsh o re  areas. 
T h eo re tica lly , the  heat exchange b e tw een  sea 
w ater a t tem p e ra tu re s  above 0° C and th e  fro zen  
g round  w ould  gradually  th aw  any pe rm afro st 
w h ich  m ight be p resen t. T his w ould  ce rta in ly  be 
the  case if  th e  shoreline w ere  to  rem ain  stab le  fo r 
su ffic ien t tim e  to  allow  a co m p le te  thaw ing 
process. H ow ever, th e  sh o re lin e  has n o t p roven  to  
be ve ry  stab le  due p rim arily  to  a process o f  erosion  
w h ich  has been  active a t least during  la te  P le isto ­
cene and H olocene tim e. M acK ay (1 9 6 3 )  has 
e s tim a ted  th a t  since the  p e rio d  o f  th e  last g lacia­
tio n , coasta l recession along  p o rtio n s  o f  th e  Y u k o n  
coastline  m ay have been  as m uch as 2 o r  3 
k ilom eters . He also  suggests th a t  in co asta l areas 
w ith  low  b lu ffs o f  fine g rained  sed im en ts w h ich  
have a h igh ice c o n te n t, sho re line  recession  m ay  
o ccu r a t a ra te  exceed ing  one m ete r p e r  year. As 
th e  b lu ffs  recede, th e  sea w a te r transgresses across 
th e  p e rm afro st depositing  a th in  layer o f  silt and  
clay  u p  to  5 fee t in th ick n ess  on  to p  o f  th e  
rem ain ing  frozen  .g ro u n d . The sed im en t provides 
an in su la ting  layer w hich  in h ib its  the  h ea t in te r ­
a c tio n  be tw een  th e  sea w a te r and th e  fro zen
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ground  resu lting  in pa tch es  o f  “ re lic t” p e rm afrso t 
o ffshore .
It has been  suggested th a t  in  som e instances 
frozen  g round  has ac tu a lly  been  fo rm ed  a fte r  
being subm erged  b e n e a th  th e  ocean . In th ese  cases, 
it is p resum ed  th a t  b rack ish  o r fresh  w ater 
m igrating  in th e  se d im en ta ry  m ateria l b e n e a th  th e  
ocean floo r is g radually  exposed  to  the  effec ts  o f 
overly ing  sea w ater a t  te m p e ra tu re s  sligh tly  below  
0^  C. T he fresh  w a te r th e n  freezes and becom es 
perm afro st, sim ilar in  m ost respec ts  to  p e rm afro s t 
co n d itio n s  onshore. I t  has been  p o stu la ted  th a t  
th is  m echan ism  was responsib le  fo r  the  fo rm a tio n  
o f th e  subm erged “ p ingo”  w h ich  the M an h a ttan  
en c o u n te re d  on  her voyage th ro u g h  the  N o rth w est 
Passage in  1969.
I t is n o t  likely th a t su b stan tia l p e rm afro s t 
w ould  be en c o u n te re d  at th e  site  o f  a deep  w ater 
te rm ina l due  to  its w a te r d e p th  and d istance  
o ffshore . How ever, a p o r tio n  o f th e  nearshore  area 
is like ly  to  con ta in  som e perm afro st w h ich  w ill 
have a bearing  on th e  design and c o n s tru c tio n  o f  
the  u n d e rw a te r  p ipeline lead ing  to  th e  term ina l.
T he  soil con d itio n s  a long  th e  A laskan A rctic  
coastline  are qu ite  variab le  in  th e ir  m ake-up b o th  
la tera lly  and  vertically . T his is due p rim arily  to  th e  
b raided  stream s channels w h ich  flow  n o rth w ard  to  
the  sea. T he channels, w h ich  are usually  filled  w ith  
sands and  gravels, c u t in to  the  su rro u n d in g  fin e r 
grained silts, sands, and clays, resu lting  in  rap id  
la tera l changes in soil c o n d itio n s . I t  is like ly  th a t  
th is c o n d itio n  ex ten d s b e n e a th  th e  ocean  b o tto m  
som e d istance  o ffsho re  as a resu lt o f  varia tions in 
sea level w hich  m ight have occurred  du ring  and  
su b seq u en t to  P leistocene tim e. In  o rder to  in su re  
th a t th e  fo u n d a tio n  o f  a m arine  te rm in a l fac ility  
will be adequate ly  designed to  w ith stand  th e  
h o rizo n ta l forces e x e rted  by  ice floes, soils d a ta  
will have to  be co llected  a t  the  te rm in a l site. T he  
techn ica l feasib ility  o f  d rilling  soil borings fro m  a 
m obile ice sheet in  100 fee t o f  w ater does n o t, 
how ever, a t the  p resen t tim e  lo o k  very p rom ising .
PROPOSED OFFSHORE TERMINALS
A n u m b er o f possib le  designs fo r m arine 
term ina l facilities have b een  suggested w h ich  m ight 
be su itab le  fo r deep  w ater tankers , fo u r o f  w h ich  
o ffe r prom ise.
1. N earshore  h a rb o r sh e lte re d  by  b reakw aters
A lth o u g h  the  A laskan  A rctic  shelf is rela tively  
bo rad  and  shallow , th e re  are a few areas w here  
w ater d e p th s  o f 80  fee t o r  m ore com e w ith in  te n  
m iles o f  land . O ne o f  th ese  is a t Cross Island , th e  
n o rth e rn -m o st o f th e  b a rr ie r  islands near P ru d h o e  
Bay. T he island, a lth o u g h  so m ew h at lim ited  in  size, 
has shallow  w ater su rro u n d in g  i t  w hich  m ight be 
filled to  provide a d e q u a te  area fo r  sto rage tan k s
and  o th e r  facilities. A p p ro x im a te ly  10 m iles n o r th ­
east o f th e  island th e re  is su ffic ien t w a te r d e p th  to  
accom m odate  d eep  d raft tan k ers . A sh o rt channel 
cou ld  be dredged  and a b reak w ate r p rov ided  to  
p ro te c t tan k ers  fro m  pressure ridges o r o th e r  large 
ice masses w hich  m ight m ove in to  th e  area. A  12 
m ile long pipeline w ould be  req u ired  to  tra n sp o rt 
c rude  oil across th e  lagoon fro m  P ru d h o e  to  the  
storage area on  th e  island.
A n o th e r loca tion , a t B row nlow  P o in t, ap­
p ro x im ate ly  s ix ty  miles east o f  P ru d h o e  Bay has 
close access to  d eep  w ater. W ater d e p th s  in excess 
o f  80 fee t are fo u n d  at d istances  less th a n  6 miles 
o ffshore  and th e re  is ad e q u a te  o n sh o re  areas for 
loca tion  o f s to rage tan k s  and  o th e r  term inal 
facilities. H ow ever, the  area is considerab ly  re­
m oved fro m  p resen t oil p ro d u c tio n  and  w ould  
requ ire  a long p ipeline to  te rm in a l facilities. If 
la te r  ex p lo ra tio n  proves u p  a d d itio n a l p ro d u c tio n  
east o f P rudhoe , th is  area m ight be m o re  feasible 
from  an econom ic  s tan d p o in t.
A th ird  possib le lo ca tio n  fo r  c o n s tru c tio n  o f  a 
h a rb o r fo r  p e tro leu m  te rm in a l facilities is at 
H erschel Island along  th e  Y u k o n  co astlin e  ap­
p ro x im ate ly  45 m iles east o f  th e  U.S. - C anada 
bo rder. H erschel Island is favorab ly  lo ca ted  w ith  
respect to  deep  w ater, near the  edge o f  the  
M ackenzie subm arine  can y o n , and has a n a tu ra l 
sheltered  deep  w a te r basin  im m ed ia te ly  to  the 
so u th  (R a n fto m e l M cCollom , 1970). A lthough  
dredging o f ap p ro x im ate ly  20 -50  m illion  cubic 
yards o f  silt and clay  w ould  be req u ired  to  co n n ec t 
th e  basin w ith  th e  subm arine can y o n , the  h a rb o r 
w ould  provide excellen t sh e lte r from  th e  pack  ice.
T here are several o th e r  areas eastw ard  along 
th e  C anadian A rc tic  coastline  in c lud ing  F rank lin  
Bay and D arnley Bay w h ich  m ay  be econom ically  
feasible as p o te n tia l m arine term ina ls  fo r  C anadian 
crude  p ro d u c tio n ; how ever, these  are n o t as 
su itab le  fo r  A laskan  p e tro leu m  reserves.
2. A rtific ial Islands
A rtificial islands have been  considered  o n  the  
N o rth  S lope p rim arily  fo r  use as drilling  p latfo rm s 
b u t  also as a possib le a lte rn a tiv e  fo r an  o ffshore  
m arine term inal. T he w ater d e p th  req u irem en ts  for 
deep  d ra ft tan k e rs  w ould  requ ire  considerable  
m ateria l fo r co n s tru c tio n  o f  th e  island b u t bo rro w  
m ateria l d redged  from  a ch an n el lead ing  to  the  
island cou ld  p rov ide  a p o r tio n  o f  the  req u ired  fill. 
In te rlock ing  p recast a rm o r u n its  m igh t provide 
ad d itio n a l s tre n g th  against th e  pack ice. As sug­
gested b y  G erw ick  and L loyd  (1 9 7 0 ), “ p recast 
p restressed co n c re te  e m b a n k m en t u n its  cou ld  be 
placed as slope p ro te c tio n . T h e y  w ou ld  p resum ­
ab ly  be u n loaded  from  a barge, f loa ted  in to  
position , th en  su n k  and filled w ith  gravel to  act 
like a rock-filled  crib. A trap ezo id a l cross-section
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appears m ost su itab le , as it p erm its  ice to  in itia lly  
ride u p  and fail in te n s io n .”
T he  a rtific ia l island m ight be c o n s tru c te d  in  
several w ays: (1) a solid  mass w ith  loading  
facilities on  th e  lee side o f  th e  island depen d in g  o n  
ice m o v em en t o r (2 ) c rescen t-sh ap ed  islands-one 
facing east, th e  o th e r  w est-p rov id ing  a p ro te c te d  
h a rb o r in -be tw een  (F ig u re  4).
3. U n d e rw a te r te rm ina ls
If  subm arine  tan k e rs  are to  be used  fo r 
pe tro leum  tra n s p o r ta tio n , th e  m ost obv ious te rm i­
nal w ou ld  b e  a fac ility  lo ca ted  on  th e  ocean  b o t­
tom  in  deep  w ater. T h is rem oves m any  o f  th e  
engineering design p ro b lem s assoc ia ted  w ith  pack  
ice. T he  te rm in a l m igh t be  c o n s tru c te d  to  perm it a 
subm arine ta n k e r  to  lo ca te  over th e  lo ad in g  fac ility  
and b y  m eans o f rem o te  c o n tro l tra n s fe r  c rude  
from  u n d e rw a te r  sto rage  to  th e  su b m arin e  tan k er.
T he  m ajo r p ro b lem s w ith  th is  sy stem  are th e  
sam e as th o se  w h ich  w o u ld  o c c u r  d u rin g  co n ­
s tru c tio n  o f  an y  fac ility  o u t  b e y o n d  th e  sho re-fast 
ice, nam ely  in te rfe re n c e  by  th e  pack  ice.
4. O ffsh o re  p la tfo rm
P erhaps th e  m o st tech n ica lly  and eco ­
nom ically  feasib le  c o n c ep t fo r an  o ffsh o re  m arine  
te rm in a l o ffe red  th u s  far is a con ica l shaped  
p la tfo rm  designed  by  S an ta  F e -P o m ero ry  (G erw ick  
and L loyd 1 9 70 ) o r  a s im ilar s tru c tu re  designed  b y  
T herm o-D ynam ics, Inc. T he p la tfo rm  consists o f  
tw o  cones, one  in v erted  on  th e  o th e r . As th e  pack  
ice im pinges o n  th e  co n e  shaped  s tru c tu re , th e  
slope “ converts  a p u re ly  h o r iz o n ta l  shear to  a 
p a rtia lly  v e rtica l th ru s t ,  w ith  th e  s o f te r  u nders ide  
o f  th e  ice m ee tin g  th e  steel shell f irs t so th a t  th e  
ice helps b rea k  its e lf  u p  as it flow s p a s t”  (a n o n y ­
m ous, 1970).
The base o f  th e  co n e  sh o u ld  b e  o f  a d e q u a te  
size to  p rov ide  a b ea rin g  area su ff ic ie n t fo r su p p o rt 
on  th e  so fte s t so il a n tic ip a ted . T he  p la tfo rm  cou ld  
be stab ilized  e ith e r  b y  m eans o f  gravel fill, 
d rilled-in  an d  g ro u te d  a n c h o r p iling , o r  ice-filled 
c o m p artm en ts . T h e  p o r tio n  o f  th e  cone above 
w a te r w ou ld  be  su rm o u n te d  by  a re tu rn  ice 
d e fle c to r to  p rev en t o v e r-to p p in g  b y  ice p ile-up . 
Inside th e  co n e  w o u ld  b e  living q u a rte rs , m ach ine-



















Figure 4. D eep  w a te r p o r t  using  a rtific ia l islands.
U M R  Journal, N o . 2 (June 1971)
80 R. L. M cCollom , Jr. &  W. W. M oore
ry  spaces, w a te r and o il sto rage  tan k s , p rov isions 
fo r  risers, subm arine p ipeline c o n n e c tio n s  and  
d iver access tu b es  (F ig u re  5).
CONCLUSION
T he A rctic  O cean p resen ts  pe rh ap s th e  m ost 
fo rm id ab le  challenge th a t  th e  oil in d u stry  has ever 
u n d e rta k en . T he  h is to ric  voyage o f  th e  M an h a ttan  
m arks th e  open ing  o f a  new e ra  o f  o p p o r tu n ity  fo r 
deve lopm en t o f  the vast resou rces in  th e  A rctic . 
P ipelines u n d o u b te d ly  will b e  b u ilt to  tra n sp o rt 
b o th  c rude  oil and n a tu ra l gas to  th e  lucra tive
m arke ts  o f  C anada an d  th e  U n ited  S ta tes. H ow ­
ever, th e  use o f  m arine  tan k e rs  is inev itab le  in  th e  
overall deve lopm en t o f  th e  A rc tic ’s resources. I t  is 
possib le th a t  in a d d itio n  to  tra n sp o rtin g  oil 
th ro u g h  th e  N o rth w est Passage, surface o r su b ­
m arine tankers  m ay even tua lly  traverse  th e  po lar 
ro u te  to  p o ten tia l m ark e ts  in  E u rope .
T h e  engineering  and  en v iro n m en ta l p ro b lem s 
involved in th e  c o n s tru c tio n  and  design o f  m arine  
tan k ers  and term ina ls  are fo rm idab le , b u t  th e  
in genu ity  and  resou rcefu lness  p rov ided  b y  in­
d u s try , governm ent and  th e  academ ic c o m m u n ity  
will even tua lly  tr iu m p h  as th e y  have in co n q u e rin g  
every new  fro n tie r  in  th e  past.
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The U.S. A rm y ’s Experience in Handling  
Petroleum in an Arctic Environment
C olonel F red ric  Jo h n so n  
U.S. A rm y
ABSTRACT
This article pinpoints the various facets that the US Military experienced in Petroleum Operations in the Arctic 
environment Since the Military were the pioneers in Arctic operations, this experience could prove invaluable if and 
when the TAPS pipeline is constructed. The article deals primarily with various problems which beset the pipeliners 
during the initial construction phases and the peculiarities experienced during operations. A slightly different aspect 
will be experienced, however, when the Oil Industry moves relatively hot crude oil through the pipelines with TAPS 
since the Military moved only clean product.
The article addresses above ground pipeline operations, problems encountered with the enigmatic permafrost, 
summer and winter rapid temperature changes, cold soaked equipment operations, and seismic impact on a Petroleum 
Installation during earth tremors. The premise of the Article is that man can control environment to a great extent if he 
can change his environmental, approach to any given situation.
T he U.S. A rm y was in tro d u ced  w ith  some 
trep id a tio n  to  m ilitary  p ipelining in  an  A rctic 
environm ent in  the  early  1940’s w ith  th e  Canol 
pipeline and th e  N orm al Wells Oil F ie ld  o p era tio n  
in  Canada. S ubsequen tly , th ree- and  four-inch  
pipelines carried  th e  b ru n t o f p e tro leu m  from  
Skagway to  F airbanks, Alaska. D uring th is  same 
period the  A rm y gained a great deal o f  road­
build ing experience in  c o n ju n c tio n  w ith  th e  
Canadian G overnm ent in  th e  co n s tru c tio n  o f th e  
A laskan Highway. Over th e  years l it tle  had  been  
done to  d ispel th e  m yste ry  o f th e  N o rth ern  
environm ent th a t had  been  ingrained in  th e  m inds 
o f m ost o f th e  A m ericans. M any peop le , m ilitary  
and civilian, are still o f  th e  op in io n  th a t constan t 
darkness prevails in w in ter, c o n s ta n t sunlight 
prevails in sum m er, everyone lives in  igloos o r  
hogans, and one m ust subsist on  w hale b lubber, 
seal fa t, d ried  salm on and  b lueberries. In 1954 th e  
snow cu rta in  was lifted  som ew hat b y  th e  m ilitary  
w ith  the design o f  th e  8-inch above-ground 
H aines-to-Fairbanks pipeline. By 1955 th e  pipeline 
becam e a rea lity  and  subsequen tly  a n ightm are. 
Engineers learned  to  th e ir d ism ay th a t  during 
hydrosta tic  testing  o f  a p iep line, rap id  tem p era tu re  
drops caused w ater to  freeze w hich  resu lted  in th e  
w orld’s longest ice cycle. D uring th e  co n stru c tio n  
phase, all face ts  o f env ironm en t w ere  encoun tered . 
There were som e 25 m ajor river crossings; 82 
m inor stream  crossings; 49  m ajor h ighw ay cross­
ings (w hich  is p re tty  d ifficu lt w hen  th ere  is really  
only one ro ad .)  T h irty -n ine  secondary  ro ad  cross­
ings were accom plished, and 11 m ajor sw am p 
tu n d ra  and perm a-frost areas were traversed .
The p ipeline begins a t L u tak  In le t a t Haines, 
Alaska and follow s th e  H aines H ighw ay in to  
Haines Ju n c tio n , C anada, th en  along th e  A lcan 
Highway via Tok Ju n c tio n , F o r t G reeley , Big D elta
Junc tion , E ielson A ir F o rce  Base, to  its  term inus 
at F o rt W ainw right, seven miles n o rth e a s t o f 
Fairbanks.
To m eet th e  m ilita ry  needs n o r th  o f  th e  
Alaska Range, p e tro leu m  p ro d u c ts  from  ocean  
tankers are  received in  bu lk  te rm in a l facilities at 
Haines. F ro m  th is  p o in t, the  p e tro leu m  p ro d u cts  
are tran sp o rted  th ro u g h  the  line as fa r  n o r th  as 
F o rt W ainwright. T he pipeline e x ten d s  over the  
coastal m o u n ta in  range and th ro u g h  th e  p la teau  
and valleys of th e  Y u k o n  T e rrito ry , B ritish Co­
lum bia, an d  A laska. T he  pipeline is com posed  o f 
626 miles o f  e ight-inch  high pressure schedule  40 
pipe, 148 miles bu ried , 478 m iles above ground. 
T here are 11 p u m p  sta tio n s  on  th e  line w ith  an 
average discharge pressure o f  1 ,150  PSI w hich  
m ove the  p ro d u c t a t 3 0 ,0 0 0  barrels p e r day. F rom  
Haines 30  feet above sea level, th e  line reaches an 
elevation o f 3 ,7 5 0  fee t in 57 m iles, and  th en  
decreases to  an e levation  o f  425  feet in  Fairbanks. 
A long th is  ro u te , tem p era tu re s  have ranged  fro m  a 
low  o f m inus 83 degrees a t Snag, Y u k o n  T e rrito ry  
to  a high o f  92 degrees a t F airbanks, a varia tion  o f 
175 degrees. As liqu id  fuels are capable o f  con­
trac ting  an d  expand ing  w ith  tem p e ra tu re  changes, 
line pressures an d  flow  rates are d irec tly  affec ted . 
During a tem p e ra tu re  rise, it has b een  possible to  
receive 1000 barrels an  hour w hile on ly  pum ping  
from  H aines a t 500  barrels an  h ou r. Conversely, 
500  barrels per h o u r can  be p u m p ed  from  H aines 
and  no th in g  received a t T ok fo r  2 Vi hours.
a. E xam ple 1. O n the  S o u th  L ine, th e  dis­
pa tcher in  A nchorage is starting  up  th e  line a fte r  a 
sh u td o w n  the  evening before . A t H aines pum ping  
proceeds no rm ally  a t a ra te  o f  500  barrels per 
hour. A fte r  fo u r  h o u rs  o f pum ping , T ok  first 
begins to  receive fuel. Because o f a tem p era tu re  
d ro p  due to  th e  p rev ious cool evening, th e  p ro d u c t
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in  4 3 2  miles o f  p ip e lin e  is su ffic ien tly  sh ru n k  to  
abso rb  2000  barre ls  o f fu e l b e fo re  p ressu re  is 
o b ta in ed  to  m ove th e  fuel in  th e  line. C onversely , 
as th e  day passes a n d  the  te m p e ra tu re  rises, the  
o u tp u t at T o k  m ay  reach  tw ice  th e  in p u t at 
H aines.
b . E xam ple 2. P u m p in g  is p ro ce e d in g  a t w hat 
is considered  no rm al. T h e  o u tp u t  a t  T ok  is 
ap p ro x im ate ly  the  sam e as the  in p u t a t  Haines. 
Sudden ly  th e  fuel f lo w  a t T ok s tops. T h e  S o u th  
L ine was im m ed ia te ly  shu t d ow n , and a f te r  ab o u t 
a h a lf  hour o f  a n x io u s  searching , th e  tro u b le  was 
fo u n d . Som ew here b e tw e en  D on jek  a n d  T ok , a 
su d d en , cold rain s to rm  coo led  th e  fuel in  th e  line. 
The ra te  o f  vo lum e c o n tra c tio n  ex ceed ed  th e  ra te  
o f in p u t vo lum e a t  H aines and c o n seq u e n tly  no 
fuel was received a t T ok .
c. Exam ple 3. On sh u td o w n s  th e  line is 
pressurized to  near m ax im u m  pressure. I f  th e  line 
is sh u t d ow n  for a  w hile, and if  a te m p e ra tu re  
arises w hich ex ceed s the  te m p e ra tu re  a t  tim e of 
shu tdow n , p ressu res will ap p ro a c h  m ax im um  
lim its. W hen th is p o in t is reach ed , fu e l m ust be 
b led  in to  T o k  to  relieve line  pressures. T ok  m ay 
receive as h igh  as 3 0 0 0  barre ls o f  p ro d u c t befo re  
the  line pressures a re  safe. W hen th e  line cools, the 
fuel co lum n b reaks arid a t som e p o in ts  a long  the 
line, zero p ressures m ay be  reg istered . A s y o u  can 
see fro m  th e  fo rego ing , th e  A rm y  has ex p erienced  
ce rta in  p rob lem s in  o p e ra tio n  th a t  in th e  norm al 
course  o f events are alw ays c ircu m v en ted  or 
conquered .
A t th is po in t I w ou ld  like  to  d igress and 
discuss the  living c o n d itio n s  o f  a h u m an  environ­
m en t in th e  A rc tic . O riginally , th e re  w as som e 
co n s te rn a tio n  th a t  by  m oving fam ilies  in to  an 
alien env ironm en t, th e  seem ingly  in su rm o u n tab le  
p roblem s su ch  as tak in g  a 200-m ile  ro u n d  tr ip  to  
buy  a loaf o f  b read  cou ld  well resu lt in  a to ta l  lack 
o f em ployees so, as a resu lt, n o t o n ly  was 
p erm anen t h o u sin g  c o n stru c ted , co m p le te ly  self 
con ta ined  th a t  g e n e ra ted  th e ir  o w n  h e a t, e lectric­
ity  and  w ater, b u t  chill ro o m s and  fro z e n  food 
lockers w ere c o n s tru c te d  to  p rec lu d e  th e  necessity  
fo r fre q u en t trips t o  tow n . E ach  in s ta lla tio n  in  the 
A rctic  becam e se lf  su ffic ien t. But th e n  o th e r 
p rob lem s arose. C e rta in  p e rm a n en t bu ild ings in 
d irec t c o n ta c t w i th  the  g ro u n d  even tu a lly  had 
problem s d u e  to  h e a t  tran sfer. In  one  h o u sin g  area 
th e  n o rth  w all s e tt le d  a t a m u ch  m ore  rap id  rate  
th an  did th e  s o u th  end  o f  th e  bu ild ing . This 
requ ired  eng ineering  e ffo r t in  o rd e r to  insure 
equa liza tion  o f se ttlin g . F u r th e r  c o n s tru c tio n  of 
housing  was o f th e  tra ile r ty p e  a t least 12 inches 
above the gound  o n  foo tings w ith  leveling screws. 
T he m ilitary  fo u n d  th a t th is  c o n s tru c tio n  was the 
answ er to  a sm all co lony  o r  iso la ted  fam ily • 
dwellings.
A n o th e r  p ro b lem  e n c o u n te re d  w as p e rm a­
fro s t. T est borings in d ic a te d  m any  levels o f  p e rm a­
f ro s t and  sp o tte d  lo ca tio n s . Som e areas im ­
m ed ia te ly  below  th e  su rface , o th ers  15 to  20  fee t 
d o w n . P erm afro st a long  th e  p ipeline tra c e  ap­
p ea red  to  be o f th e  p a tc h  n a tu re . T here w ere  m any  
areas rela tively  free  o f  p e rm a fro s t, som e areas w ith  
s p o tte d  p e rm afro s t, ra th e r  shallow , and  o th e r  areas 
o f  deep  dense p e rm a fro s t. P e rm afro st in  m any  
cases is still an enigm a. F o r  exam ple, w e  e x te n d e d  
a ru n w ay  in  N o rth w ay , A laska during  th e  m o n th  
o f  S ep tem b er b y  a b o u t 1200  fee t. We sc rap ed  th e  
a rea  on ly  fo r th e  p u rp o se  o f  leveling w ith o u t 
d is tu rb in g  th e  subsu rface . A gravel b u ild u p  o f  six 
to  e igh t inches w as laid o n  to p  o f  th e  su rface  w ith  
a view  to w ard  th e  w in te r  snow s co m p ac tin g  and 
fo rm in g  a fla t su rface. By M arch, fo r th e  m ilita ry  
m aneuvers, th e  ru n w ay  w as in  excellen t c o n d itio n , 
req u irin g  on ly  snow  rem oval. This ru n w a y  d id  an 
o u ts ta n d in g  jo b  du ring  th e  w in te r m o n th s . H ow ­
ever, by  a b o u t A pril w hen  th e  Spring th a w  s ta r te d , 
a f te r  th e  snow  had  m elte d , an  as to n ish in g  n u m b er 
o f  rocks and , in  som e cases, bou lders , th e  size of 
w ash  tu b s , had w orked  th e ir  w ay up  th ro u g h  the  
p e rm a fro s t o n to  th e  gravel and  the  ru n w a y  was 
n o t  useable. R em oval, o f  course , again  p u t th e  
ru n w a y  in  o p e ra tin g  c o n d itio n  fo r  th e  n ex t 
w in te r ’s m aneuvers.
T he fan ta s tic  te m p e ra tu re  changes th a t  ca n  be 
ex p e rien ced  in a sh o rt t im e  a lso  caused  p rob lem s; 
fo r  track ed  and  a rm o red  vehicles. T hese  vehicles, 
p a rk e d  overn igh t, w ere d iscovered  fro z e n  so lid  to  
th e  g round  by  m orning . Sm all charges o f  explosive 
w ere  set to  sh a tte r  th e  c ru st o f  the  su rface  and 
release  th e  tracks. A bove all, if th e  te m p e ra tu re  
rem a in ed  near m inus 3 0 , co ld  soaking  o f  heavy 
e q u ip m e n t m ade th em  ab so lu te ly  im possib le  to  
s ta r t. Slave cables w ere used  and  H erm an  N elson  
h e a te rs  w ere em p loyed . In  som e in stan ces  b low  
to rc h e s  w ere used  o n  c rankcases to  a id  s ta rtin g . I 
rem e m b e r one p a rticu la rly  co ld  p e rio d  o f  m inus 
6 0  w hen essential e q u ip m e n t such  as am bu lances 
a n d  tra c to rs  w ere k ep t ru n n in g  24 h o u rs  a d a y  so 
th e y  cou ld  be used  to  s ta r t  o th e r  e q u ip m e n t as 
req u ired .
I lo o k  w ith  a g rea t deal o f  in te re s t  o n  the  
p rogress o n  th e  n o r th  s lope  o il and th e  su b seq u en t 
d is tr ib u tio n  o f p e tro leu m  to  refineries. M any o f 
th e  p rob lem s th a t  ap p e ar  to  th w a rt desired  p ro ­
gress, in  rea lity , a re  n o t p rob lem s in  m y  personal 
o p in io n  b u t are a c u lm in a tio n  o f  a lack  o f 
in fo rm a tio n  and  in  som e cases, to o  m u c h  in fo rm a­
t io n  w h ich  provides to o  m an y  d iffe re n t w ays to  
so lve a p rob lem . I re m e m b e r , v ividly th e  g iant 
e a rth q u a k e  o f 1964. T h e  p ipeline  f ro m  H aines to  
F a irb a n k s  su ffered  no  dam age. The ab o v e  g round  
se c tio n s  m erely  .w rithed  across the  5 0 -fo o t right- 
o f-w ay , b u t th e  line w as designed  fo r  m ovem en t. 
T h e  b u ried  sections p rese n ted  no p ro b le m  since,
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d u rin g  th e  d itc h  phase, th e  line  was snaked  in  such  
a w ay  th a t th e  m ovem en t o f  th e  e a rth q u ak e  
caused  no  apprec iab le  u n d u e  stress.
In  th e  A nchorage area, how ever, we had a 
d iffe re n t p ro b lem . A t th e  A nchorage; do ck , th e  
p ipeline  was in  som e cases 20  fee t below  th e  
su rface, em b ed d ed  in b lu e  clay.. T he  e a rth q u ak e  
ru p tu re d  all b u t  one o f  th e  m ilita ry  lines in  th a t  
a rea , b u t  did n o t  d es tro y  an  in d u stry  line lo ca ted  
above g round  in  the  sam e area. In  o rd e r  to  dig 
d o w n  to  the  p ipeline , it  w as necessary  to  use steam  
lines to  th aw ; th e n  u p o n  in sp ec tio n , it was no ticed  
th a t  th e  lines had  b ro k en  o n ly  w here b u t t  w elded , 
w h ich  had b een  a te c h n iq u e  used in  th e  early  
1 9 4 0 ’s. T he bevelled  and  w elded  p ipe sec tio n s  held 
up . I elude to  n o th in g  in  th is  s ta te m e n t o th e r  th a n  
th e  fac t th a t th e  p ipeline n o r th  o f  th e  range, being 
o f  m odern  c o n s tru c tio n  and  design, b o th  above 
an d  below  g ro u n d , su ffe red  n o  dam age. B ut th e  
20-25 year o ld  line b u rie d  in  th e  A ncho rage  area, 
d id  su ffer dam age. It is in te re s tin g  to  n o te  th a t  th e  
b u ried  tan k s  in  th e  sam e a rea  co m p le te ly  encased 
in  th e  sam e b lue  clay, su ffe red  no  dam age o th e r  
th a n  a slight sink ing  due  to  e a r th  se ttling .
A n o th e r  p rob lem  th a t  m ay  well bese t any  new  
p ipeline  c o n s tru c tio n  in  A laska is th a t  p ro b lem  o f  
p ip e  in  suspension . M any tim es  d u rin g  th e  Spring  
th a w , rush ing  w aters u n d e rm in e  th e  above g ro u n d  
p ipe  and , in  som e cases, u p  to  2 0 0  fee t o f  p ipe  
w ou ld  be suspended . T his caused no  serious 
p rob lem s; how ever, since o u r  aerial surveillance 
a irc ra ft b ro u g h t th is to  o u r  a t te n tio n  im m ed ia te ly . 
M ain tenance  team s w ou ld  go o u t and  b race  th e  
p ipeline  in th e  area. T he  b rac ing  invariab ly  was 
designed  to  tak e  care o f  fu tu re  p rob lem s. O f 
course  th e  s tream s in th e  n o r th  are th e  m ean d erin g  
ty p e  du ring  b reak -up , b u t  to  me it was a dec ided  
advan tage to  fin d  th e  su sp en sio n  areas since it  gave 
us th e  o p p o r tu n ity  o f  an ch o rin g  th e  p ipeline  
securely  to  p rev en t an y  fu tu re  suspension .
A n o th e r  strange fac t th a t  seem s ra th e r  o d d  
w as ex p erien ced  by m e in  A laska. I n o tic e d  th a t  
th e  C anol line  th a t had  b e e n  closed  since 1954 
show ed  p ecu lia r  traces  o f  w ear w here  th e  p ipeline  
was in  c o n ta c t w ith  th e  su rface. O ver th e  years, 
th e  creep ing  ac tio n  o f  th e  pipe a c tu a lly  g ro u n d  
aw ay m eta l like  a g rinding  w heel u n til th e  p ipeline  
becam e re la tive ly  “ th in  w alled”  in  spo ts  w ith in  
these  areas. T his face t gave us th e  o p p o r tu n ity  o f  
checking  o u r p ipeline d u rin g  th e  sum m er m o n th s , 
and  if  any  o f  these  areas co u ld  be lo ca ted , gave us
th e  o p p o r tu n ity  o f  e ffec tin g  an  eng in eerin g  change 
by  b rac in g  th e  p ipeline  o r su p p o rtin g  it if  neces­
sary.
D uring  m y  fo u r  years o f  o p e ra tio n  o f  th e  
m ilita ry  p ipelines in  the  N o r th , I, o f  course , 
rem ained  c o n s ta n tly  alert to  p ip e lin e  b reak s  and  
leaks. H ow ever, w ith  th e  c o m b in a tio n  o f  th e  close 
p ro x im ity  to  th e  A laskan  H ighw ay , o u r  c o n stan t 
low-level aerial surveillance, and  o u r  righ t-o f-w ay  
crew s a t w ork  du ring  th e  su m m er m o n th s , th is  fear 
was g rea lty  m itiga ted . T o d a y ’s m echan ica l and 
e lec tron ic  ach ievem en ts p lay  a g rea t p a r t  in con ­
tro lling  ru p tu re s  as th e  b reaks a re  in sta n ta n e o u s ly  
m o n ito red  b y  p ressu re  d rops o n  in s tru m e n ta ito n . 
Leakage invariab ly  com es to  th e  su rface  and  
d isco lors v eg e ta tio n  o r fo rm s an  o il slick o n  w a te r, 
tu n d ra , o r m oist g round . T h e re fo re , w hen  th e  
m u ltip lic ity  o f c o m m u n ic a tio n  eq u ip m e n t, i.e ., 
rad io , te le ty p e , an d  te lep h o n e , co u p led  w ith  aerial 
surveillance, is b ro u g h t in to  p lay , m ax im um  e ffo r t 
can be  d irec ted  to w a rd  th e  su sp ec t area in  a sh o rt 
tim e an d  a c tio n  as necessary  can  b e  taken .
T his rem inds m e o f  th e  s to ry  a b o u t p eop le  
th a t  s ta te  th e  h e a te d  oil in  th e  p ro p o se d  A laskan 
p ipeline fro m  th e  N o rth  slope co u ld  m elt a tre n c h  
50 fee t w ide in 10 years. By ca rry in g  th e  analogy 
fu rth e r, w h en  one realizes th e  p ro p o se d  p ipeline  is 
on ly  fo u r  fee t w ide in  a land  th a t  is 4 ,2 2 4 ,0 0 0  fee t 
w ide, it will take  o n ly  8 4 4 ,8 0 0  years to  m elt th e  
w id th  o f A laska’s frozen  N o r th . G ra n te d , th e  
ecological aspects o f  any p ip e lin e  o r  fo r th a t  
m a tte r  an y  co n s tru c tio n  in  A laska  w ith  its  in­
h e ren t p o llu tio n  e ffe c t th a t  fo llo w s h u m an ity , one  
m ust alw ays keep  in  m ind th e  fa c t  th a t  p o llu tio n  
co n tro l m u st be b u ilt in as a n u m b er 1 re­
q u irem en t in  th e  A rctic  e n v iro n m en t. H ow ever, 
som e o f  th ese  aspec ts  are also n o t  in su rm o u n tab le . 
We fo u n d  th a t th e  caribou , m oose, and  bears  
freely  ro am ed  over our 8 -inch  p ipeline , b u t  i f  a 
48 -inch  p ipeline is above g ro u n d , a p ro b lem  m ay 
exist. H ow ever, a parallel m ay  also  be d raw n  here. 
In th e  N ear E ast, T A PL IN E  had  to  c o n s tru c t 
n um erous cam el crossings at various p laces a long  
th e  p ipeline to  p e rm it free passage fo r d esert 
N om ads.
All in  all, w h en  view ed in  the  co ld  ligh t o f 
to d a y ’s co m p u te riz ed  p lan n in g  and reasoning, 
m an’s fears o f th e  u n k n o w n  d isap p ear in d irec t 
p ro p o rtio n  to  th e  leng th  o f  h is  s tay  in any  foreign  
en v iro n m en ta l s itu a tio n .
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The Role of the Independent in 
A la sk a ’s M inera l Developm ent
D. L. (D o n ) Simasko 
Independen t Oil O pera to r 
A nchorage, Alaska
ABSTRACT
In 68 years of oil industry history in Alaska, the independent has already played a substantial role. Eighty-three 
independent oil companies or operators have participated in drilling 82 exploratory wells or stratigraphic tests. Their 
activities extended from the discovery of first commercial oil at Katalla in 1902, to the extension of the Prudhoe Bay 
field in 1970. The success ratio for wildcat wells in Alaska is considerably higher than “outside,” and fields have all 
been major in statute, thereby reducing the cost per barrel of finding oil.
The most immediate deterrent to the success of the independent in Alaska is the land freeze resulting from the 
lack of settlement of the claims of Alaska natives. The hoped for lifting of the freeze will afford success to those 
operators prepared to take advantage of the opportunities.
INTRODUCTION
There is a popular saying in Alaska th a t “ If 
you  don’t like the w eather, stick  around  a few  
m inutes, and it will change.”  The sam e m ight ju s t 
as easily be said abou t th e  oil in d u stry  in ou r great 
state . In Ju ly  o f  this year I ce lebra ted  the  eleventh  
anniversary o f being in Alaska w ith  the  oil 
industry , and  during these eleven years have seen 
som e alm ost unbelievable changes tak e  place, 
particularly  during the  past tw o  and one-half 
years. Speaking on the  cu rren t s ta tu s  of th e  
industry  in Alaska and  a ttem p tin g  to  pred ict its 
fu tu re  is a b o u t as dangerous as designing je t  
fighters. By the  tim e one finishes a s ta tem en t it 
could very well be obsolete.
I recall from  a lec tu re  by  one o f m y 
professors in  a creative w riting  course th a t th e  
foundation  o f  any w riting  is th a t it m ust have a 
beginning, a m iddle, and an  end . In o rder to  
approach  m y top ic  w ith  som e degree o f discipline, 
I will utilize th a t advice and  briefly  take you  back  
to  the beginning o f the  oil industry  in  Alaska, 
bring you  to  the p resen t, and a tte m p t to  m ake 
som e observations as to  th e  fu tu re  w ith  particu la r 
em phasis on  th e  role o f  th e  independen t.
HISTORY OF OIL INDUSTRY IN ALASKA
Surprisingly, the  h isto ry  o f th e  oil industry  in 
Alaska goes back m uch fu rth e r  th a n  m ost peop le  
realize. A geologic m ap o f  Alaska readily  illustrates 
the  early so-called pe tro liferous areas in Alaska. 
The first rep o rted  ind ica tions o f o il seeps in A laska 
were by th e  Russians in 1853. The first well in  th is 
area was drilled ab o u t 1898. T he old K atalla area 
where early  day gold p rospec to rs  rep o rted  th e  
presence o f  oil seeps can readily  be located . T he 
first well was drilled in th is  area in a b o u t 1901,
w ith  the  discovery in  1902. A ltogether there  were 
18 producing  wells in a 60-acre area th a t p roduced  
ab o u t 154,000 barrels o f oil. The field was 
abandoned  after 3 0  years w hen th e  sm all refinery  
on the  K atalla S lough supply ing  p ro d u cts  for local 
use burned . Out o n  the  Alaska Peninsula is th e  old 
K anatak area w here the first w ell was drilled in 
1903. A lthough N om e is n o te d  for th e  big gold 
rush , th ere  were som e six wells drilled for oil in 
the  N om e area starting  a b o u t 1906. L ittle  is 
know n  ab o u t th em , however, because very poor 
records were k e p t. Oil seeps w ere first reported  
east o f Po in t B arrow  in abou t 1901.
During the 10-year period  com m encing in 
1953, the  industry  concen tra ted  substan tia l e ffo rt 
in th e  onshore p o rtio n  o f th e  G u lf o f A laska Basin 
in the  area roughly  from  K atalla  to  Icy Cape. 
Som e 37 wells w ere drilled in  th e  area. A lthough 
som e shows w ere enco u n te red , no com m ercial 
p ro d u c tio n  was established.
The beginning o f the  c o n tem p o ra ry  period of 
oil industry  activ ities in. A laska cou ld  be con­
sidered to  have com m enced w ith  the  d iscovery of 
th e  Sw anson R iver Oil F ield  by R ichfie ld  Oil 
C om pany in A pril o f 1957. T he Sw anson River 
F ield is estim ated  to  have 2 0 6 ,7 5 9 ,0 0 0  barrels of 
recoverable reserves. It p roduced  a cum ulative 
101,703 barrels from  42 w ells th ro u g h  1969. 
A lthough  exp lo ra tion  and drilling  to o k  place in 
m any basins, th e  prim ary area  of co n cen tra tio n  
a fte r  th e  Sw anson River discovery and  u n til the 
P rudhoe discovery in 1968 w as in th e  C ook Inlet 
Basin. N ine oil fields were d iscovered including in 
ad d itio n  to Sw anson River such  g ian ts as the 
G ranite  Point F ield , e s tim a ted  to  co n ta in  175 
m illion barrels o f  recoverable reserves; th e  Mc­
A rth u r River F ield , e s tim a ted  to  co n ta in  303 
m illion barrels o f  recoverable reserves; and  the 
M iddle G round  Shoal F ield , es tim ated  to  contain
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185 million barrels of recoverable reserves. In 
addition to the oil fields, 15 gas fields o f varying 
sizes were discovered in the Cook Inlet Basin. 
Other basins in which tests were drilled during this 
period of time were the Bethel Basin, the Copper 
River Basin, the Galena Basin, and the Arctic 
Slope.
As mentioned earlier, in 1901 an oil seep west 
of Barrow was first reported. This was the begin­
ning o f the accumulation o f geologic knowledge 
which subsequently led to the discovery of the 
Prudhoe Bay Field early in 1968. The geologic 
attractiveness of the Arctic Slope Basin was 
recognized early, for in 1925 the Federal Govern­
ment established Naval Petroleum Reserve No. 4 
covering approximately one-third of the basin. 
Little exploratory activity took place on the 
Arctic Slope between 1924 and World War II other 
than surface examinations by the U.S.G.S. During 
World War II the entire northern and western 
portions of Alaska were withdrawn from all forms 
of public entry and appropriations for the prosecu­
tion o f the war. In the period 1944 to 1953, the 
Navy initiated a program of exploration on the 
Naval Petroleum Reserve and drilled 37 test wells 
and 45 core holes on 18 separate structures, two 
of which were outside the Reserve. Of these, 11 
wells were drilled on surface structures. The Navy 
reported three oil discoveries: Umiat, with reserves 
of about 50 to 90 million barrels, and Simpson 
and Fish Creek, totaling about two and one-half 
million barrels. The Gubik Gas Field outside the 
Reserve and the very small South Barrow Field 
have reserves estimated from 370 to 900  billion 
cubic feet of gas.
In 1958 the area was returned to the public 
domain and made available for oil and gas leasing 
subject to the designation of areas to be opened 
for simultaneous filing. The first such drawing was 
held in 1958 when two areas, one immediately 
east o f NPR 4, and the second approximately 60 
miles east o f the first were opened. A minimum 
amount of exploratory activity took place until 
1960, when the combination of BP-Sinclair ac­
quired a substantial acreage position, conducted 
seismic surveys, and in 1963 commenced a drilling 
program. Colorado Oil & Gas Corporation, an 
independent from Denver, also drilled and com­
pleted the Gubik Unit #1 well as a successful gas 
well on acreage acquired from the Federal Govern­
ment as a result o f a sale on the known Gubik 
geologic structure.
This action focused the attention o f the rest 
of the industry on the Arctic Slope and resulted in 
the opening of additional lands for simultaneous 
filing in 1964 and 1965. During the same years the 
State of Alaska held tw o competitive sales on 
lands it previously selected. Drilling activities
continued until eleven dry holes or non­
commercial wells were drilled. As almost a last 
gasp effort, Atlantic Richfield and Humble drilled 
the Prudhoe Bay No. 1 well in early 1968. They 
drilled a confirmation test, the Sag River State No. 
1, and in July of 1968 DeGolyer MacNaughton 
announced that despite limited information, the 
largest oil field on the North American Continent 
had been discovered. The Prudhoe Bay Field was 
estimated by them to contain between 5 and 10 
billion barrels of recoverable reserves. That esti­
mate has since been increased and unofficially 
ranges between 20 to 50 billion barrels, depending 
on who makes the estimate.
The Prudhoe Bay discovery focused world­
wide attention on the oil potential o f Alaska. In 
anticipation of a state competitive sale in the 
Prudhoe Bay area, a frantic drilling and seismic 
exploratory effort took place during the winter of 
1968-69. From November, 1968 to August, 1969, 
about 430,000 tons of supplies and materials were 
airlifted to the Arctic Slope as well as an estimated
50,000 people. This tonnage is greater than the 
materials airlifted into Berlin during the Berlin 
airlift shortly after World War II. The sale was held 
in September of 1969, and a record $900 million 
was paid by the industry for the privilege of 
leasing these lands. It is interesting to  note that 
131 of the 174 parcels offered for sale in 
September of 1969 had previously been offered 
for sale in 1964 and 1965 and received no bids. 
During the 1964 and 1965 sales the state accepted 
bids as low as $1.55 per acre.
INDEPENDENT OPERATION IN ALASKA
With that above background, let us examine 
“Where was the independent when all this hap­
pened?”
Actually, the first commercial discovery in the 
State of Alaska was made by the independent 
Katalla Oil Corporation in 1902. Since that time 
83 separate independent oil companies or opera­
tors have participated in drilling 82 exploratory 
wells or stratigraphic tests. The 18 wells drilled in 
the Katalla Field produced oil or gas in com­
mercial quantitites. One of the tests drilled by 
Halbouty Alaska Oil Company discovered the 
shut-in West Fork Gas Field. Colorado Oil & Gas 
Corporation drilled a successful gas well at Gubik. 
Hamilton Brothers and its associates were suc­
cessful in extending the north end of the Prudhoe 
Bay Field. The remaining wells drilled by inde­
pendents were dry holes. However, all of the tests 
contributed greatly to the accumulation of geo­
logic knowledge w ^ch was utilized by the in­
dustry as a whole to direct its exploratory efforts 
toward those other wells which have been suc­
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cessful. In  a d d itio n  to  p a rtic ip a tio n  in  ex p lo ra to ry  
drilling, in d ep e n d e n t oil com pan ies have also b een  
active in th e  accu m u la tio n  o f  geologic and  geo­
physical d a ta  by  p a rtic ip a tio n  in g roup  p ro jec ts  to  
ga ther such  in fo rm a tio n .
U p  u n til  tw o  to  th re e  years ago m ost inde­
penden ts  fe lt  th a t  o p e ra tio n s  in A laska w ould  b e  
to o  costly  fo r  them . H ow ever, in  recen t years an  
an a ly za tio n  o f  the  s itu a tio n  in d ica tes  th a t  ju s t th e  
o pposite  m ight be tru e . D espite  th e  fac t th a t  
opera ting  costs  in A laska are h igh , th e  q u e s tio n  
p resents itse lf  as to  w h e th e r  o r n o t  th e  in d ep en ­
den t can a ffo rd  n o t  to  e x p lo re  in A laska. T here  a re  
a good  m an y  in d ica tio n s  th a t  th e  expensive ex ­
p lo ra tio n  a n d  drilling  v e n tu re  in  A laska m ight in  
the  long  ru n  be th e  m o st eco n o m ic  investm en t th e  
in d ep e n d e n t segm ent o f th e  in d u stry  can  m ake. A  
review  o f th e  fo llow ing  s ta tis tic s  w ill in d ica te  th a t  
a lthough  ex p lo ra tio n  a n d  drilling  costs are  high, 
the  success ratio  is equa lly  h igh. R ecoverab le  
reserves fo u n d  are su b s ta n tia lly  g rea te r th a n  th o se  
to  b e  fo u n d  in o th e r  areas o f  th e  U n ited  S ta tes, 
and th e  co s t o f find ing  an d  p ro d u cin g  a barre l o f 
oil in  m ost in stances is less th a n  in  o th e r  areas. T h e  
sam e a m o u n t o f  geological and  e x p lo ra to ry  e ffo r t 
m ust be e x p en d ed  w h e th e r  one is lo o k in g  fo r th e  
sm all reserve low -risk p ro sp ec t in  th e  oil p a tch  o f  
the  co n tig u o u s U n ited  S ta tes  o r w h e th e r  one  is 
look ing  fo r  th e  h igher risk  b u t  g rea te r reserve 
p ro spec t in  Alaska.
F rom  th e  p e rio d  1957  ( th e  year in  w h ich  
Sw anson R iver was d iscovered ) th ro u g h  1968, 221 
ex p lo ra to ry  wells w ere d rilled , o r  w h ich  52 w ere 
p roducers. This resu lts  in  a success ra tio  o f  23 .53%  
com pared  w ith  less th a n  10% o n  th e  average 
ou tside  o f  A laska. D uring  th e  p e rio d  1957 th ro u g h  
1968, 2 3 0  field wells w ere  d rilled , resu lting  in  2 0 8  
p roducers, o r  a success ra tio  o f  90 .43% , com pared  
w ith  th e  average 75%  o u ts id e  o f  A laska. F o r th e  
period  1958  th ro u g h  1969 , th e  in d u s try  p ro d u ced  
2 3 4 ,0 2 8 ,8 6 6  barrels o f  o il, 3 9 6 ,4 3 9 ,9 6 5  M CF o f 
gas, and  8 1 ,4 0 4  ba rre ls  o f  n a tu ra l gas liquids.
Average daily p ro d u c tio n  du ring  the  y e a r  
1969 a m o u n te d  to  2 0 3 ,5 9 8  ba rre ls  p e r day. T h e  
la tes t e s tim a tes  reveal th a t  a t th e  end  o f 1969 
A laska h a d  432  m illion  barre ls  o f  reserves, p lacing  
it 8 th  am ong  oil s ta tes. This is exclusive  o f  th e  
A rctic  S lope. By very  conservative estim ates, 
P ru d h o e  Bay F ield  is ex p e c te d  to  c o n ta in  a t least 
10 b illion  barrels o f  recoverab le  reserves and  
possib ly  m ore  th a n  tw ice  th a t  am o u n t.
We. have h a rd ly  sc ra tch ed  th e  su rface  in 
A laska. T here  are 15 geologic basins in  A laska. 
C om m erc ia l p ro d u c tio n  has b e e n  estab lished  in 
o n ly  tw o . M ore th a n  fo u r  w ildca t w ells have been  
d rilled  in  on ly  th re e  o th e rs . T w o basins have had  
o n ly  o n e  tes t. T he rem ain ing  eigh t basins have 
never b e e n  drilled . I t ’s one  o f  th e  p o ten tia lly
richest, least e x p lo red  h u n tin g  g ro u n d s  o n  the  
co n tin en t.
A L A SK A ’S SIZE
Very few  p eo p le  fu lly  a p p re c ia te  th e  size o f 
Alaska. I f  we w ere  to  superim pose  th e  o u tlin e  o f 
th e  S ta te  o f  A laska o n  th e  o u tlin e  o f  th e  48 
co n tig u o u s s ta tes , P o in t B arrow  is superim posed  
over In te rn a tio n a l Falls, M innesota.
K etch ikan  in  S o u th e as te rn  A laska falls over 
Jacksonville , F lo rida . T he  A leu tian  C hain  ex ten d s 
to  the  w est across Baja, C a lifo rn ia , en te rs  the  
Pacific O cean  b e lo w  San Diego and  ends b e tw een  
Los A ngeles a n d  San F rancisco . T h e  C o n tin en ta l 
Shelf area  o ff  A laska is ab o u t 63%  o f  th e  n a tio n ’s 
to ta l  S helf area. T he o n sh o re  p o r tio n  o f A laska 
c o n s titu te s  5 8 6 ,0 0 0  square  m iles, o r  a b o u t 375 
m illion acres, a p p ro x im a te ly  l / 5 t h  th e  size o f  the  
con tiguous 48  sta tes.
O PERATIO NAL COSTS A N D  
TRAN SPO RTA TIO N DIFFICULTIES
M ost o f  th e  h igh  costs o f  o p e ra tin g  in  A laska 
can  be a tt r ib u te d  to  th e  lack  o f  an  effective 
tra n sp o rta tio n  system . T here  are  sligh tly  over
5 ,0 0 0  m iles o f  paved  roads in  th e  s ta te . The A laska 
R ailroad  from  Sew ard th ro u g h  A nchorage  to  
F a irb an k s is o n ly  4 7 0  m iles long . T he  Y ukon , 
P o rcup ine , K o y u k u k , K uskokw im , and  several 
o th e r  rivers a re  navigable fo r  a p o r tio n  o f  th e  
d istance fro m  th e  sea in land . A  large p o r tio n  o f 
th e  cost o f  o p e ra tin g  in  A laska is ju s t  g e ttin g  there . 
A n  all-w eather ro ad  in  the  C ook  In le t Basin will 
cost fro m  $ 2 0 ,0 0 0 -$ 2 5 ,0 0 0  p e r  m ile. A n onsho re  
w ildcat well in  th e  C ook  In le t Basin o r th e  C opper 
R iver Basin in  so u th e rn  A laska w o u ld  cost from  
$ 5 0 0 ,0 0 0  to  $1 .5  m illion, dep en d in g  o n  ro ad  
req u irem en ts  a n d  logistics. A n o ffsh o re  w ell in  
C ook In le t f ro m  a floa ting  vessel will average 
b e tw een  $1.5 and  $2.5  m illion . A  deve lopm en t 
well f ro m  a p la tfo rm  will average b e tw een  
$ 8 0 0 ,0 0 0  to  $1 .3  m illion , d e p en d in g  on  dev ia tion . 
W ildcat wells o n  th e  A laska P en insu la  will cost 
from  $1 .2-$  1.7 m illion . Wells o n  th e  N o r th  Slope 
will co s t fo rm  $2 .5  to  $3 m illion . T he above 
figures m ust b e  considered  average. T here  have 
been  m any  w ells drilled a t low er costs, and  
som e th o se  w h ich  en c o u n te re d  su b s ta n tia l fish­
ing p ro b lem s o r b lo w o u ts------have cost sub ­
s tan tia lly  m ore .
G e ttin g  th e  o il o u t o f  A laska can c rea te  as 
m uch  o f  a p ro b le m  as g e ttin g  in to  th e  areas 
in itia lly  to  e x p lo re  fo r th e  oil. T here  are  several 
possib le a lte rn a tiv e  ro u te s  o f  g e ttin g  th e  oil from  
P ru d h o e  Bay to  m arke ts  in  th e  co n tig u o u s 48  
states. D uring  th e  tw o  w in te r seasons o f  1968-69
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a n d  1969-70, H um ble  Oil & R efin ing  to g e th e r  
w ith  o th e r  A rctic  S lope  o p e ra to rs  f in an ced  th e  
M a n h a ttan  p ro jec t in  an a tte m p t to  p rove  th e  
feasib ility  of bringing  th e  oil o ff  th e  A rc tic  Slope 
to  easte rn  and E u ro p ean  m arke ts  via th e  N o rth ­
w est Passage. We a re  in fo rm ed  th a t  a lth o u g h  
su b s ta n tia l scientific  in fo rm a tio n  has b e e n  gath ­
ered  as a result o f th is  p ro jec t, th e  u tiliz a tio n  o f 
su rface  tankers th ro u g h  the  N o rth w est Passage has 
b een  suspended  as an  im m ed ia te  m eans o f  ge tting  
N o rth  Slope c rude  to  m arket.
T he  m ost im m ed ia te  m eans be ing  p u rsued  by  
th e  in d u stry  is the b u ild ing  of a p ipeline  from  
P ru d h o e  Bay to  th e  P ort o f  V aldez in  so u th e rn  
A laska. A lthough  th e  g ran ting  o f th e  righ t-of-w ay 
is being  held u p  u n til specific  engineering  d a ta  to  
insure th e  in teg rity  o f  the  ecology o f th e  area is 
fu rn ish ed  to  th e  U .S .G .S ., a right-of-w ay p e rm it is 
ex p ec ted  to  b e  issued  du ring  th is  fo rth co m in g  
w in ter season, and co n s tru c tio n  p e rm its  are ex­
p ec ted  to  be issued in  su ffic ien t tim e  to  com m ence  
ac tua l co n stru c tio n  d u rin g  th e  spring o f 1971 .
C onsidera tion  is also being given to  the  
even tua l c o n stru c tio n  o f a p ipeline from  th e  Puget 
S ound  area in to  the  G reat Lakes R egion to  supp ly  
th e  trem en d o u s  d em and  b y  refin ing  cap ab ility  in 
th a t area. T h e  possib ility  also exists th a t  th e  
m idw est area and th e  so u th -cen tra l a rea  o f  th e  
U n ited  S tates can b e  supp lied  b y  p ipeline  from  
Los Angeles as well as by  tan k e r. The n e x t m ost 
serious considera tion  is p resen tly  being given to  a 
gas pipeline fro m  th e  P rudhoe  B ay area d o w n  the  
M acK enzie R iver V alley  in to  n o rth e rn  A lb e rta  to  
tie  in to  the A lb erta  Gas T ru n k lin e  S ystem  and 
eventually  in to  T rans-C anada P ipeline S ystem  for 
delivery  of gas to  th e  gas-hungry m idw est area. If 
substan tia l d iscoveries of oil a re  m ade in  th e  
C anad ian  A rctic , an  oil p ipeline along th is  ro u te  
could  also be req u ired .
T h e  p roblem  o f  high costs a n d  tra n sp o rta tio n  
d ifficu lties in  A laska are being  overcom e. As the  
in d u stry  has been  gaining m ore and m ore  ex­
perience w ith  the p rob lem s u n iq u e  to  Alaska, 
m ethods o f o p e ra tio n  have been  im proved  and 
costs are decreasing. In d ep en d en ts  can app roach  
th e ir cost p ro b lem s by fo llow ing  th e  p a tte rn  
established b y  m ajo r com panies in  fo rm ing  jo in t 
opera ting  areas w ith  m ultip le  p a rtic ip a n ts , o r th ey  
can follow  th e  p h ilo so p h y  o f carry ing  o u t ex­
p lo ra to ry  activ ities to  the  po in t o f  d e lin ea tio n  of 
drillab le s tru c tu res  an d  th e n  fa rm o u t fo r  the  cost 
o f drilling.
THE LAND FREEZE
W hy have we n o t seen  a g rea ter in flux  of 
in dependen t com pan ies in to  th e  oil ex p lo ra tio n  
activities in th e  S ta te  o f A laska? T h a t q u e s tio n  can 
sim ply be answ ered  w ith  tw o  w ords: L a n d  Freeze.
In  O ctober o f  1966, in  an  e ffo rt to  publicize 
the  fac t th a t  th e  m atte r  o f  th e  A laska natives’ 
aborig inal rights had  n o t y e t  b een  se ttled , fo rm er 
Secre tary  o f  In te r io r  S tu a rt U dall im posed  w hat 
was called  an  adm in istra tive  lan d  freeze. T h e  effec t 
o f th is  freeze u p o n  the  o il in d u stry  w as th a t  th e  
term s o f existing federal* o il and  gas leases w ere 
allow ed to  co n tin u e ; how ever, app lica tions fo r 
new leases were p rocessed  m erely  to  th e  po in t o f 
issuance o f  the  lease, b u t  th e  leases w ere n o t 
issued. Federa l lands cover m ore  th a n  80% of 
A laska. In  an e ffo rt to  m ake  th e  land freeze  m ore 
nearly  legal, S ecretary  U dall issued P u b lic  L and 
O rder 4 5 8 2  on  Jan u ary  17, 1969 , w hich  w ithd rew  
all u n a p p ro p ria te d  pub lic  federa l lands in  th e  S ta te  
o f A laska from  any  e n try  u n d e r any o f  th e  pub lic  
land  laws includ ing  the  M ineral Leasing A ct o f 
1920. T he net e ffec t is th a t  th o se  lease  applica­
tio n s  w h ich  w ere filed d u rin g  th e  period  O ctober, 
1966 th ro u g h  Jan u ary , 1969 , are yet in  a pending 
s ta tu s  and com panies are  re lu c tan t to  launch  
expensive geologic and geophysical p rog ram s on  
these  lands u n til th e y  have m ore  assurance th a t the  
lease app lications w hich  th ey  now  ho ld  will 
m atu re  in to  leases. A su b s ta n tia l a m o u n t o f such  
pend ing  app lica tions  are h e ld  b y  indep en d en ts .
Were it n o t fo r  the  lan d  freeze, A laska w ould  
p resen tly  be en joy ing  a h e a lth y , s teady  g row th  in 
ex p lo ra tio n  ac tiv ity  w hich  u ltim a te ly  w ou ld  lead 
to  th e  discovery o f  a d d itio n a l o il and gas reserves.
T he m atte r  o f  the  legality  o f  the  lan d  freeze, 
th e  m a tte r  o f  th e  valid ity  o f  th e  righ ts o f  A laska 
natives, and  th e  possible so lu tio n  to  th e  cu rren t 
freeze s ta tu s  are p rob lem s o f  su ffic ien t co m p lex ity  
to  b e  to p ics  o f separa te  p resen ta tio n s . Suffice  it to  
say th a t  th e  p rob lem  is a co m p lica ted  one and , 
u n fo rtu n a te ly , has m oved o u t of th e  realm  of 
legality  and  logic and in to  th e  realm  o f  em o tio n ­
alism  and  politics.
T he earliest th a t th e  land  freeze  could  be 
lif te d  w ould  be Ju n e  30 , 1971 , the  d a y  on  w hich  
P ub lic  L and O rder 4 9 6 2 , by  its  ow n  provisions, 
will te rm in a te . T he  S ta te  o f Alaska w ill en joy  a 
90 -day  p reference  right p e rio d  during w hich  tim e 
it m ay  select all o r  any p a r t  o f  th e  ap p ro x im a te  85 
m illion  acres to  w hich  it is y e t e n title d  u n d er the  
g ran ts  con ta ined  in  the  A laska S ta te h o o d  A ct. T he 
s ta te  will have th e  d isc re tio n ary  a u th o r ity  to  e ith e r 
recognize th e  pend ing  fed era l lease app lica tions 
an d  issue n o n co m p etitiv e  S ta te  o f A laska leases or 
reclassify  areas fo r  co m p etitiv e  leasing on ly , th e re ­
b y  re jecting  th e  p rio rity  estab lished  b y  the  pend­
ing  federa l applications.
I t appears th a t  it is a lm o st im possib le  fo r th e  
p resen t Congress to  co m p le te  and pass a N ative 
L an d  Claim s S e ttlem en t Bill b e fo re  th e  end o f  th is 
year. T he Senate has a lread y  passed su ch  legisla­
tio n . T he H ouse has y e t to  pass a c o m p an io n  bill.
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If the House does not pass its version of the Native 
Land Claims Settlement Act and the House and 
Senate versions o f the Act compromised and acted 
upon by the entire Congress before the end of this 
year, the bill will die and will have to be 
re-introduced into the new Congress commencing 
in January o f 1971, and run the entire gamut of 
committees, hearings, floor debate, and passage. If 
a bill is not passed this year, the various native 
associations in the State o f Alaska have indicated 
that it is their intention to attempt to enjoin the 
Secretary of Interior from making any dispositions 
under any of the public land laws including the 
Mineral Leasing Act until such time as the matter 
of native land claims is finally settled by the 
Congress. If the injunction is successful, this 
course of action would continue the land freeze 
indefinitely.
We should have some indications within the 
next three to six months regarding the course of 
action on federal lands in the State of Alaska. 
Either the freeze will be extended indefinitely and 
not only the independents but the entire oil 
industry will be precluded from expanding to any 
degree of substance their leasehold positions with­
in the State o f Alaska, or the freeze will be lifted, 
the Federal Government will again be able to issue 
leases, the State can continue its selection pro­
gram, and the industry can move forward with the 
exploration, discovery, and eventual production of 
the oil and gas resources in our state.
The independent can play and will play a 
substantial and important role in the future 
development of the oil and gas resources of 
Alaska. It is the only area in the United States 
where the independent still has the opportunity to 
compete with the rest of the industry in finding 
the big reserves that can change it from an 
independent company to a producer of major 
proportions. The independent will also play its 
traditional role in being willing to  take the greater 
risk and drill the more wildcat prospect than the 
rest of the industry. The independent will con­
tinue to be an important exploration tool o f the 
major companies by drilling portions of major 
company lease blocks under farmout arrangments, 
thereby evaluating the entire block. Alaska is still a 
place where an independent can grow unbelievably 
in size by having a more creative geological idea; 
by being willing to get up a little earlier in the 
morning and work a little harder than the next 
guy. The independent will be unable to  resist the 
lure o f the excitement and potential for growth 
that Alaska can offer.
When one considers the history o f the entire 
oil industry in the United States, one cannot help 
but recognize that each of the various segments of 
the total oil industry, although competing with 
each other, are still dependent upon each other for 
a healthy, effective industry to  meet the needs of 
the nation. The independent can and will fulfill its 
destiny in this regard.
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State Regulatory Controls on O il & G a s
T hom as R . M arshall, J r.
C hief Petro leum  G eologist 
S ta te  o f  Alaska 
A nchorage, Alaska
ABSTRACT
Alaska oil and gas regulatory matters are under the jurisdiction of a three-man Oil and Gas Conservation 
Committee, all of which are state employees.
In the last 10 years State water bottoms in Cook Inlet have been leased, explored and oil production amounting to 
about 200,000 barrels a day has been established. Cook Inlet is subject to very high tides and heavy ice flows. Five 
Salmon runs also occur in the Cook Inlet. The average daily production rate per well in the Cook Inlet area is nearly 
one hundred times the national average.
The Prudhoe Bay oil field discovered in 1968 is the largest oil field in North America. It lies entirely on State land. 
After public hearing, the Committee prescribed 640-acre spacing for two of the thicker reservoirs and detailed many 
safety and operational requirements. The orders prohibited the flaring o f gas except for operational necessities. Over 40 
wells have now been completed in this field but a pipeline has not been approved.
The State of Alaska looks forward to the challenge of proper development of a resource valuable to the State and 
the Nation.
INTRODUCTION
In  A laska, oil and  gas reg u la to ry  m atte rs  com e 
under the  ju risd ic tio n  o f th e  A laska O il and Gas 
C onservation C om m ittee . This C o m m ittee  d iffers 
d ram atically  from  o il and gas reg u la to ry  bodies in 
the o th e r  33 oil p roducing  states in  several aspects. 
The C om m ittee  is com posed  o f th e  D irec to r o f  th e  
Division o f Oil and  Gas, the  C hief P etro leum  
Engineer an d  the C hief P e tro leum  G eologist as­
sisted by  th e  entire  techn ica l s ta f f  o f th e  Division, 
all o f  w hich  are s ta te  em ployees w orking  w ith in  
the fram ew ork  o f th e  Division o f  Oil and  Gas o f 
the D ep artm en t o f  N a tu ra l R esources. The C om ­
m ittee  does n o t con ta in  a n y  c itizen  m em bers such  
as do  m ost all o f th e  conserva tion  agencies in  the  
o th e r sta tes. The reason  fo r  th is absence o f  c itizen  
m em bers w h o  are  unaffilia ted  w ith  th e  s ta te  
governm ent is, in p art, based o n  a very  d ifferen t 
land ow nersh ip  s itu a tio n  th an  is found  elsew here, 
nam ely th a t  the a m o u n t o f  sta te -ow ned  lands in 
know n pe tro leum  p roducing  basins is m any , m any 
tim es th a t o f  any o th e r  s ta te .
All oil p ro d u ctio n  in  the S ta te  o f  Alaska at 
this tim e is on s ta te  or federal lands. This com es 
ab o u t fro m  the fac t th a t  Congress, th ro u g h  the 
Subm erged Lands A ct o f  1953 and  confirm ed  by 
the  A laska S ta tehood  A c t o f 1959, g ran ted  the 
S tate  o f Alaska o ffsh o re  lands to  th e  three-m ile 
lim its, and  to  th e  seaw ard lim its o f in land  w aters. 
The S uprem e C ourt, th ro u g h  a  subsequen t Cali­
fornia tide lands decision , g ran ted  tit le  to  sea 
b o tto m s w hich  are  w ith in  a 24-m ile closing line 
betw een  headlands. T hese ac tions, in p a rt, resu lted  
in th e  S ta te  of Alaska o b ta in in g  title  to  all o f  the  
u pper C ook  In let area w ater b o tto m s  and the  
u pper p o rtio n  o f th e  low er C ook  In le t to  a po in t
ju s t so u th  o f Kalgin Island. All o f  A laska’s 
o ffshore  p ro d u c tio n  com es from  th e  u p p er Cook 
In le t area.
By a u th o r ity  vested in th e  s ta te  by  th e  Alaska 
S ta teh o o d  A ct, the  S ta te  o f  A laska was g ran ted  
th e  right to  select a b o u t 1 0 3 ,0 0 0 ,0 0 0  up land  acres 
o f  land from  th e  federal pub lic  dom ain . Using th is 
selection  a u th o r ity , th e  s ta te  in  th e  early  sixties 
selected alm ost all o f  the  o n sh o re  C ook In let 
sed im entary  p rovince, parts o f th e  shorelands 
bo rdering  the  G ulf o f  Alaska, p a rt o f  the  C opper 
River Basin; and , in th e  m id-sixties, selected  th a t  
p o rtion  o f  th e  A rctic  Slope o n  w h ich  th e  P rudhoe 
Bay F ield  was la ter discovered in 1968. T o 
fac ilita te  m anagem ent, these  se lec tions are in  large 
solid b locks, n o t  in  w idely spaced checkerboard  
p a tte rn s  as is th e  case in  m ost w estern  pub lic  land 
states.
A laska still has th e  a u th o r ity  to  select ap­
p rox im ate ly  7 5 m illion  acres and  it can reasonab ly  
be  assum ed th a t  th e  s ta te  will ac t to  o b ta in  title  to  
o th e r  lands considered  to  have a sign ificant p e tro ­
leum  p o te n tia l b e fo re  the  ex p ira tio n  o f  selection  
a u th o rity  in 1983. T he size o f  th e  s ta te ’s m ineral 
land  in v en to ry  will n o t sh rink  as lands are con­
veyed to  private ow nersh ip  because th e . s ta te  
retains all m ineral rights and deeds only  th e  
surface righ ts. As y o u  m ay be aw are, th e re  has 
been  a F edera l G overnm ent freeze on  selection  o f 
land by  th e  s ta te , and  on  e n try  o f  pub lic  lands by  
anyone, fo r th a t  m atte r , pend ing  se ttle m en t o f  the  
Alaska N ative L and  Claims.
T he Oil and  Gas C onservation  C om m ittee  
adm in isters th e  drilling and  p ro d u c tio n  activ ities 
o f  the  oil in d u stry  th ro u g h  regu la tions w hich  w ere 
fo rm u la ted  b y  very close co o p e ra tio n  w ith  th e  
In te rs ta te  Oil .C om pact C om m ission  as to  basic
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fo rm ; a n d , w hat is m o re  im p o r ta n t , have been  
revised co m p le te ly  a f te r  m any  p u b lic  hearings to  
m ake  th em  a d ap tab le  to  A laska’s very u n iq u e  
en v iro n m en ta l and  o p e ra tio n a l s itu a tio n s ; fo r  in­
stan ce , th e  first p ro d u c tio n  on s ta te  lan d s in 
A laska cam e fro m  th e  w aters  o f  C ook  In le t w h ich  
a re  sw ept fou r tim es a d ay  by  tides rang ing  u p  to  
33  feet b e tw een  ex trem es. In  a d d itio n , in  th e  
w in te r tim e  these w aters  co n ta in  floes o f  ice m any 
tim es th e  size o f  th is a u d ito riu m  w h ic h  m ove at 
ra te s  u p  to  six k n o ts  a n d  are c u t by th e  legs o f  the  
p la tfo rm s  w hich are s ta n d in g  in  up to  150 fee t o f 
w ater. F ive salm on ru n s  also o c cu r each  su m m er in  
U pper C ook  In let.
Since drilling  an d  p roducing  p la tfo rm s  cost 
u pw ards o f 20 m illion  dollars ap iece , o p e ra tio n a l 
space o n  them  is at a v e ry  great p rem ium , an d  it is 
an  econom ic  necessity  to  lim it th e  n u m b er o f 
p la tfo rm s  and develop  the  fields b y  d irec tio n a l 
d rilling  m ethods.
O ffshore  d iscoveries w ere m ade  fro m  an­
cho red  floa ting  d rilling  vessels b u t  d ev e lo p m en t 
drilling  and p ro d u c tio n  o p e ra tio n s  are h a n d led  
fro m  14 perm anen t p la tfo rm s  fas tened  to  th e  sea 
f lo o r  (F igure  1).
C o n s tru c tio n , p e rso n a l sa fe ty , d rilling  and  
p ro d u c tio n  p roblem s in h e re n t in su c h  an o p e ra tio n  
req u ired  new m e th o d s  and o il and gas regu la tions 
to  m atch . C o o p e ra tio n  be tw een  g o v e rn m e n t and 
in d u stry  accom plished  this. In  th e  p rocess, the  
A laska Oil an d  G as C onservation  C o m m ittee  
gained som e e x p e rien ce  in a d a p tin g  regu la tions  to  
un ique  env ironm en ta l and  o p e ra tio n a l con d itio n s . 
We h o p e  th is  ex p erien ce  can b e  u sed  con ­
s tru c tiv e ly  in an  A rc tic  S lope oil province.
GENERAL STATE RULES
T here  are  m any d istinctive fea tu re s  to  th e  
cu rre n t Oil an d  Gas C o n serv a tio n  R eg u la tio n s. F o r  
exam ple, oil w ell spacing  is set a t  160 acres per 
well. T o  those oil p ro d u c in g  s ta tes  w here  five and  
te n  acre  well spacing is com m on  A laska’s 160  acre 
s ta tew id e  well spacing  m ay  ap p ear excessively 
large. H ow ever, the  n a tio n a l average ind iv idual 
well p ro d u c tio n  ra te  is 12 barre ls  o f  o il p e r  day  
and  th e  cu rren t A laska  average is over 1 ,180 
barrels o f  oil p e r d a y , very close to  one h u n d red  
tim es th e  n a tio n a l average. T he  even tua l p ro ­
d u c tio n  from  shu t-in  wells in th e  P ru d h o e  Bay 
F ield is no t in c lu d ed  in these figures. A fte r 
d iscovery  o f o il th e  C om m ittee  m ay red u c e  o r 
enlarge the  spacing acreage a fte r  p u b lic  hearings. 
In  th e  case o f  th e  shallow , h ighly  fau lted  T rad ing  
Bay F ie ld  in C ook  In le t  w aters, spacing  acreage has 
been  reduced  to  4 0  acres pe r w ell, an d  in  th e  
P ru d h o e  Bay F ield th e  S ad lero ch it Poo l spacing 
has been  increased  to  640  acres per w ell. T he 
S ad leroch it reservo ir is a p p ro x im a te ly  6 0 0  fee t
th ick  a n d  p ro d u c tio n  tests in d ic a te  susta ined  ra tes  
may b e  in  th e  range o f  15 -25 ,000  barrels o f  o il pe r 
day.
T h e  West C oast o f  the  U n ited  S ta tes w o u ld  be 
able to  tak e  all o f  C ook  In le t ’s cu rren t 2 2 3 ,0 0 0  
barrels o f  oil per d a y  oil p ro d u c tio n , th e re fo re  
m arke t p ro ra tio n  is n o t  necessary . T he Oil and  G as 
C onservation  R egu la tions d o  p rov ide  fo r  re s tr ic t­
ion o f  to ta l p ro d u c tio n  fro m  a poo l and  an  
eq u itab le  d is tr ib u tio n  am o n g  th e  wells in  th a t  
pool, i f  necessary , in  o rder to  p reven t w a ste  o r to  
p ro te c t correla tive righ ts. A t p resen t, m o st reser­
voirs in  C ook  In le t fie lds a re  considered  to  have a 
so lu tio n  gas drive and a re  p robab ly  n o t ra te  
sensitive.
C orrela tive  r ig h ts  p ro b lem s have b e e n  com ­
paratively  few  because  o f th e  ra th e r  low  n u m b er 
o f w ell o p e ra to rs  an d  the  re la tiv e ly  high n u m b e r  o f 
field-w ide u tiliz a tio n  ag reem en ts in  effect.
T h e  C o m m ittee  has ap p ro v e d  seco n d ary  re­
covery  p ro jec ts  u tiliz ing  f ilte red  C ook In le t sea 
w ater fo r all o ffsh o re  C o o k  In le t fields, th e re b y  
increasing u ltim a te  recovery  to  an e s tim a ted  
35-40%  o f  th e  to ta l  oil in  p lace as o p p o sed  to  a 
14-18%  recovery  w ith o u t a d d itio n a l recovery  
m ethods. A very  successfu l gas in jec tio n  p ro je c t is 
in e ffe c t in  th e  Sw anson R iver F ie ld  w h ic h  is th e  
only  o n sh o re  oil field  in th e  C ook  In le t area.
O u r C o m m ittee  req u ires  th e  subm ission  o f  all 
well logs and  o th e r  sign ifican t well d a ta . T his 
in fo rm a tio n  is k ep t co n fid e n tia l b y  the C o m m itte e  
for tw o  years a fte r  the  w ell is c o m p le ted , sus­
p en d ed  o r ab an d o n ed .
REGULATORY ACTIVITY
H aving to u ch e d  on so m e g enera lities  o f  o u r  
s ta tew id e  rules, le t us no w  zero in  on  th e  
reg u la to ry  ac tiv ity  in  A laska’s A rctic . A ctive C o n ­
serva tion  C o m m ittee  in vo lvem en t in th e  A rc tic  
began  in  th e  m id-six ties w h e n  a dozen  unsuccessfu l 
e x p lo ra to ry  wells w ere d rilled  o n  F e d e ra l lands 
east o f  th e  Naval P e tro leu m  R eserve # 4  a n d  ab o u t 
200  m iles so u th w est o f th e  P ru d h o e  B ay area. O ur 
S ta te  regu la tions also ap p ly  to  all wells d rilled  on  
federa l lands w ith in  the  te r r ito r ia l  l im its  o f  th e  
sta te .
T h e  P rudhoe  Bay F ie ld  d iscovery  was an­
n o u n c e d  in  1968 b y  th e  A tla n tic  R ich fie ld  C om ­
p an y  and  th e  H um ble  Oil an d  R efin ing  C om pany . 
This field  lies o n  s ta te  se lec ted  lands o n  th e  coast 
o f th e  B eau fo rt Sea, a p a r t  o f  th e  A rc tic  O cean  
ly ing  east o f  P o in t B arrow , A laska, th e  n o r th e rn ­
m ost p o in t o f  land  in  A laska (F igu re  2).
In  S ep tem ber o f  1969 , in  th e  largest lease sale 
in U n ited  S ta te s , h is to ry , th e  S tate  o f  A laska 
received  over $ 9 0 0 ,0 0 0 ,0 0 0  in  b o n u se s  fo r
4 5 0 ,0 0 0  acres o f  m iscellaneous tra c ts  n o t  previous-
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ly  leased w hen  the m ain p o r tio n  o f th e  field as 
p resen tly  k n o w n  was leased b e fo re  th e  P rudhoe  
Bay d iscovery  was m ade. B efore  th e  lease sale and  
befo re  the  p o o l rules were w ritte n  the  C o m m ittee  
held a public  hearing and issued  an  o rder g ran ting  
an  e x cep tio n  to  the  s ta tew id e  ru les to  p e rm it th e  
use o f slip jo in t  casing w h ich  w as no t cem en ted  
com ple te ly  fro m  the  casing shoe to  g round  surface 
as th e  s ta tew id e  rules p rescribe. T h e o re tica l stud ies 
in d ica ted  th a t  subsidence from  thaw ing  w ou ld  
occur and  th e  drag o f  the subsid ing  m ateria l cou ld  
cause failure  o f a co n v en tio n a lly  cased and ce­
m en ted  well. Specially designed slip jo in ts  in the  
perm afro st casing string  an d  special w ell heads 
m ay enable  th a t  s tring  to  w ith s ta n d  the  fo rces o f 
subsidence an d  allow  th is special casing to  m ove 
relative to  th e  surface casing pe rm ittin g  th e  surface 
casing to  carry  the  load  o f  the  inner casing and 
tub ing  strings.
U nder o rd in a ry  c o n d itio n s  th e  A laska Oil and 
Gas C onservation  C o m m itte e  ho ld s  a poo l rules 
hearing  sh o rtly  a fte r the  d iscovery  of o il or gas to  
estab lish  p o o l lim its and consider well spacing, 
casing and cem enting  req u irem en ts  a n d  o th e r  
regu la to ry  m atters. H ow ever, in  the  case o f 
P rudhoe  Bay th e  secrecy  o f  th e  geological in fo rm a­
tion  gained from  drilling  on  ex isting  s ta te  leases 
was so im p o rta n t th a t  the  C o m m ittee  d e fe rre d  the  
pool ru les hearing u n til a f te r  the  sale. O u r regula­
tions requ ire  tha t p o o l ru les  m u st be m ade from  
public  tes tim o n y  and  n o t from  in fo rm a tio n  the  
co m m ittee  m ay have received o therw ise . F o r tu ­
na te ly , m ost o p era to rs  in  th e  p ro lific  S ad leroch it 
poo l saw th e  m erits o f  w ide spacing and p roceeded  
w ith  unoffic ia l 6 4 0  acre spacing u n til the poo l 
rules hearing  was he ld  an d  the o rd er e x e cu te d  in 
Jan u ary  1970. T he field o rd er was 18 pages in 
leng th  and was b ro k en  d o w n  in to  th ree  separate  
parts, one fo r  each o f th e  th ree  pools w hich  the  
C om m ittee  defined . Som e o f th e  h ighlights are  as 
follow s:
T he th re e  pools w h ich  the C o m m itte e  defined  
are: (1 ) the  P rudhoe  Bay K u p aru k  R iver Oil Pool, 
w hich  occurs at co m p arativ e ly  shallow  d e p th s  in 
C retaceous rocks in  the  n o rth w es te rn  area o f  the 
field ; (2 ) th e  P rudhoe  B ay S ad leroch it Oil Pool, 
the  m ajor reservoir in  th e  field , w hich  is m ain ly  of 
Perm o-Triassic age lying a t a d e p th  o f  a p p ro x i­
m ate ly  8 ,5 0 0  fee t, and (3) th e  P ru d h o e  Bay 
L isburne O il Pool, a th ic k , ca rbona te  rock  reser­
voir w hich  lies u n d e r the  S ad leroch it F o rm a tio n  in 
the  easte rly  p o rtio n  o f th e  P rudhoe  B ay F ield  and 
is m ainly  M ississippian a n d  P ennsy lvan ian  in  age. 
The L isburne  pool lim its are q u ite  specu la tive  at 
th is tim e.
One ru le  sets o u t  th e  vertica l and areal e x te n t 
o f each o f  the pools and a n o th e r  prescribes 
640-acre spacing fo r  the  L isburne  and S ad leroch it
pools and 160-acre spacing fo r th e  K u p aru k  River 
Pool. Som e o p e ra to rs  had  req u es ted  640-acre 
spacing fo r all poo ls  in th e  P rudhoe  Bay F ield; 
how ever, the  C o m m ittee  did n o t  find  sufficien t 
evidence in  the  te s tim o n y  to  su p p o rt such  a rule 
and  issued a ru le in  su p p o rt o f 160-acre spacing for 
th e  relatively  th in  and len ticu la r sands o f  the 
K uparuk  River Sand Pool. The C o m m itte e  also  set 
m in im um  d istances o f  wells fro m  lease boundaries 
w here ow nersh ip  changes and m in im um  d istances 
betw een  wells in  o rd er to  ensu re  p ro p e r  drainage 
o f the  reservoirs in each pool.
A fou r-parag raph  ru le  on casing an d  cem en t­
ing requires th a t  wells be p ro te c te d  fro m  dam age 
caused by  perm afro st thaw ing  by th e  use of 
refrigeration  or in su la tion , o r  by th e  use o f 
slip-jo int casing.
A n o th e r ru le w hich app lies to  all th ree  pools 
requires th ree  rem o te ly  c o n tro lled  b lo w o u t pre­
ven tion  devices on  drilling  wells plus various o th er 
em ergency valves. S tringen t o p e ra tin g  and testing  
requ irem en ts  w ere specified fo r  th is equ ipm en t. 
Each com p le ted  well is req u ired  to  b e  equ ipped  
w ith  a fail-safe subsu rface  valve w hich  will au to ­
m atically  shu t in th e  w ell in  the even t o f an 
u n co n tro lled  flow . B o ttom  h o le  p ressure  surveys 
and gas-oil ra tio  tes ts  will be req u ired  at regular 
in tervals in o rd er to  enable th e  Division o f Oil and 
Gas to  m o n ito r  th e  reservoir p e rfo rm an ce  in  the 
field.
T he o rders th a t  evolved c o n ta in  a rule pro­
h ib iting  the  flaring o f gas, excep t as m ay be 
au th o rized  in  cases o f em ergency  o r o p era tio n a l 
necessity . T he P rudhoe  Bay S ad lero ch it and Lis­
b u rne  reservoirs, un like C ook  In le t reservoirs, have 
associated  gas caps and th e  C o m m itte e  in tends to  
require  th is gas be used, sold, o r  re in jec ted  in to  the 
reservoir.
T he first ex cep tio n  to  th e  P ru d h o e  Bay pool 
rules was g ran ted  on F e b ru a ry  20, 1970 , a little  
over a m o n th  a f te r  the ru les w ere w ritte n , w herein  
th e  C om m ittee  allow ed th e  c o m p le tio n  o f a well in 
th e  S ad leroch it poo l in a sec tio n  o f lan d  co n ta in ­
ing less th an  6 0 0  acres a fte r  th e  find ing  was m ade 
th a t correlative rights w ou ld  not b e  adversely 
a ffec ted . Pool ru les p rescribed  the  spacing  u n it in 
th is poo l as a governm en ta l sec tion , b u t  due to  the 
m arked  convergence o f the  lines o f  long itude  in 
the  n o rth e rn  la titu d es  and  th e  resu ltan t ad ju st­
m ent in  the  legal survey grid, all th e  w esterly  tie r 
o f sections in each  to w n sh ip  in  the  field  co n ta in  
less th an  600  acres.
The n ex t request fo r an  ex c ep tio n  to  the 
P rudhoe  Bay F ield ru les resu lted  in  an  o rder 
concern ing  th e  o p e ra tio n  o f th e  c rude  oil topp ing  
p lan t o p e ra ted  b y  A tlan tic  R ich fie ld  C om pany  in 
the  P rudhoe  Bay Field w h ich  had b een  p roducing  
ab o u t 1000 barrels o f A rc tic  diesel fuel per day
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Figure 2. Oil and gas fields of the Cook Inlet Area, Alaska.
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fro m  a 5000 BOPD crude  th ro u g h p u t. T h e  4 0 0 0  
BOPD o f  unused  frac tio n s  w ere in jec ted  in to  th e  
p ro d u cin g  fo rm a tio n , th e  S ad leroch it san d sto n e .
T h e  com m ittee  h a d  p e rm itte d  the  flaring  o f 
casinghead gas in excess o f  th e  a m o u n t used  fo r 
to p p in g  p lan t fuel a n d  fo r o th e r  benefic ia l cam p 
pu rp o ses  for a lim ited  tim e  as an  o p e ra tio n a l 
necessity . T he  C o m m ittee  was co n cern ed  th a t  
possib le reservoir dam age m ay resu lt f ro m  th e  
in je c tio n  of th e  lo w er API gravity  frac tio n s  and 
questio n ed  th e  c o n tin u ed  necessity  to  fla re  casing­
head  gas.
T h e  C om m ittee  o rd e r  red u ced  th e  p la n t in p u t 
to  2 7 5 0  BOPD, th e re b y  v irtua lly  e lim ina ting  flar­
ing o f  casinghead gas no t beneficia lly  u sed . T he 
C om m ittee  co n c lu d ed  th a t u ltim a te  recovery  was 
n o t adversely a ffec ted  b y  in jec tion  o f  unused  
frac tions.
A recen t request fo r e x c e p tio n  dealt w ith  th e  
lo ca tio n  o f a well c lo se r th a n  the  allow ed lim its  to  
a lease line. In  v iew  o f th e  im m inence  o f  a 
u n itiza tio n  ag reem en t in th e  P rudhoe  B ay Field, 
no  o p p o sitio n  is e x p e c te d  to  th e  issuance o f  an 
approving  order.
IMPORTANCE OF TH E PRUDH O E BA Y FIELD
H ow  im p o rta n t is th e  P rudhoe  B ay Field? 
F o rtu n a te ly , th e  o il reserves are large en o u g h  to  
o ffse t tra n sp o rta tio n  costs to  m arkets. O u r s tric t 
co n fid en tia lity  s ta tu te  does n o t p e rm it us to  
release any o f  ou r o w n  reservoir d a ta  based  on  well 
in fo rm atio n  less th a n  tw o  years o ld  and  on ly  the  
discovery w ell is n o w  over th a t tw o  y e a r  m ark. 
H ow ever, using so m e  pub lished  es tim ates  an d  a 
few  ru le  o f th u m b  fac to rs  w e can ap p ro x im ate  the  
size o f  this field. A  to ta l o f  62 wells have now  
been  drilled w ith in  th e  fie ld  lim its  and  in d u stry  
sources estim ate  th e  p rim ary  reserves o f  ju s t th e  
P rudhoe  Bay Field a t  b e tw een  12-15 b illion  barre ls 
o f  o il w hich , if c o rre c t, w ou ld  m ake it th e  
second  largest oil f ie ld  in th e  W estern H em isphere, 
the  largest being th e  Bolivar C oastal F ie ld  in
V enezuela. S o lu tio n  gas reserves have been  p u b ­
lished as 10 trillio n  cub ic  fee t, b u t  let me 
em phasize th a t  th is  figure  rep resen ts  on ly , the  
a m o u n t o f  gas in  so lu tio n  in  th e  e s tim a ted  p rim ary  
oil reserves o f  th e  p resen t oil-gas ratio . Recoveries 
o f upw ards o f  20  trillion , cu . ft. are m o re  realistic 
u n d e r  th e  ac tu a l p ro d u cin g  s itu a tio n  expected .
In  ad d itio n  to  so lu tio n  gas, a large associated  
gas cap  exists in  th e  S ad leroch it reservoir. An 
associated  gas cap also ex ists in  th e  L isburne 
reservoir, b u t  its  size is u n d e te rm in ed  a t  th is tim e 
because  o f th e  d e a rth  of su b su rface  data.
Gas reserves a re  large en ough  to  b e  o f  in te rest 
to  m arke te rs  in  th e  L ow er 48  sta tes. T h is  m ay ease 
the  b u rd en  o f  hand ling  th e  fie ld ’s casinghead  gas 
reserves w hich  m ay  n o t b e  fla red  u n d e r  the  poo l 
rules.
F u ll scale p ro d u c tio n  fro m  A laska’s A rctic  
m ust aw ait co m p le tio n  o f  tra n sp o rta tio n  facilities 
w h ich  because o f  th e  size o f  th e  p ro p o sed  p ro jec t 
will be several years  in  c o n s tru c tio n  a fte r  the  
necessary approvals are o b ta in e d . The D ep artm en t 
o f th e  In te r io r  has n o t y e t  given th e  TA PS pipeline 
perm ission  to  c o n stru c t th e  line  across Federal 
lands and  several legal barriers  also ex is t. A t th is 
tim e  39 wells could  be  rendered  capab le  o f 
p roducing  a b o u t 6 5 0 ,0 0 0  BO PD from  th e  P rudhoe 
Bay F ield . W hen th e  p ipeline is c o m p le ted  i t  will 
p ro b ab ly  go on  stream  w ith  a th ro u g h p u t o f over 
1 ,000 ,0 0 0  BOPD. A t th e  p resen t ra te  o f  drilling 
th is  in itia l capac ity  w ill be  achieved  well in 
advance o f  p ipeline com ple tion .
A lthough  it is de fin ite ly  n o t t r u e  th a t  all 
A laskans live in igloos sw ep t b y  chilling w inds, still 
th e  rea lity  o f  a tre m en d o u s  energy  so u rce  in  the  
m idst o f o u r co ldest region brings h o p e  o f  a b e tte r  
w ay  o f  life. In  a lan d  w here som e p eo p le  m ust haul 
d rif tw o o d  o r ledge coal fo r m any  m iles to  h ea t 
th e ir  hom es, th e  d eve lopm en t o f  a lo w er cost fuel 
sou rce  is indeed  a w arm ing th o u g h t.
T he S ta te  o f  A laska has an  un u su a l responsi­
b ili ty  and o p p o rtu n ity  to  guide the  deve lopm en t 
o f  a trem en d o u s  oil resource. I t  is o u r  fervent 
desire to  do  the  jo b  well.
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The A la sk a  Business Com m unity’s V iew  
of the Developm ent o f A la sk a
by
Wm. H. S c o tt, P resident 
S ta te  o f Alaska, C ham ber o f C om m erce
Am erica has discovered Alaska!! O r m aybe 
th a t’s ju st th e  way it seem s to  us A laskans. Even 
though  Secretary  o f S ta te  Sew ard bough t th e  
Great Land ( th a t’s w hat Alaska m eans in  native 
tongue) m ore than  a h u n d red  years ago, very little  
of its na tu re  has d rifted  dow n  to  th e  “ Low er 4 8 ” . 
T hat is un til th e  great oil reserves w ere discovered 
on th e  now -fam ous N orth  Slope. Only th en  was 
the fac t o f A laska’s m ineral w ealth  transla ted  in to  
som ething o th e r  th an  very general adm issions th a t 
Alaska was th e  natural resource sto reh o u se  of th e  
U nited States. Now one w ould  na tu ra lly  conclude 
tha t th e  P rudhoe Bay m iracle, follow ed closely b y  
the $900 m illion oil lease sale co n d u c ted  by th e  
State o f A laska in  Sep tem ber 1969, has trans­
form ed an econom ic desert in to  a businessm an’s 
bonanza. Well, th a t could  have happened . W hy 
hasn’t it? Sim ply because the  sam e ou tside in ­
fluences th a t  have kep t Alaska locked  u p  for all 
these years have once again com e in to  play to  
block or h inder th e  developm ent o f  o u r  state b y  
Alaskans an d  fo r Alaskans.
It w ou ldn ’t surprise m e if y o u r  reaction  to  
that s ta tem en t is m ore th a n  a little  defensive. 
Perhaps it should be; m aybe I can get y o u r 
a tten tio n  th a t  way. It w ould  be fa ir for y o u  to  ask 
just w hat these influences are and how  th ey  are so 
h indersom e. L et’s s ta rt w ith  the  failure o f  the  U.
S. Congress to  resolve th e  Alaska N ative L and 
Claims. H ow  m any years has th is  problem  been  
w ith us? O nly  since 186  7. How w ould  y o u  like to  
have the physical assets o f y o u r  business o r 
personal life involved in a 100-year qu ie t title  su it?  
It is clear, b o th  legally an d  h istorically , th a t i t  is 
the Federal G overnm ent’s responsib ility  to  provide 
for the  com pensa tion  o f  o u r  c o u n try ’s aborigines 
for lands taken  from  th em  in th e  course o f o u r 
fo refathers’ in trusion  in to  these now  U nited  
States. T h a t is it was un til th e  A laska  native claim s 
cam e along. Now Congress in fers th a t  because 
Alaska is so w ealthy the  S tate shou ld  assist w ith  
the  m oney  se ttlem en t b y  reserving to  th e  native 
popu la tion  alone a significant p o rtio n  o f na tu ra l 
resource revenues g ran ted  to  the  S ta te  under term s 
o f th e  S ta tehood  Act.
When we po in t o u t th a t  no  o th er sta te  has so 
shared, and  th a t our G overnor is requ ired  to  
p ro tec t th e  in terests o f  all A laskans, Congress 
argues th a t  th e  S ta teh o o d  Act gave Alaska a m uch  
b e tte r  percentage o f revenues fro m  Federal lands 
th an  o th e r  states en joy , and th e n  conveniently
ignores th e  o ffse tting  disadvantage th a t  Alaska is 
no t included in  reclam ation  p ro jec ts  th a t o th er 
s ta tes  o b ta in  in recogn ition  o f th e ir  low er royalty ­
sharing percentages. D on Sim asko th is  m orning 
to ld  you o f th e  effec t on  the  o il in d u stry  o f  the  
freeze im posed b y  th en  Secretary  o f  the  In te rio r 
Udall, and  w hich  th e  Senate In te r io r  C om m ittee 
b ludgeoned Secretary  H ickel in to  con tinu ing  vir­
tually  as a co n d itio n  to  consenting to  his appo in t­
m ent. T erm ination  o f th e  freeze on  D ecem ber 31, 
1970, certain ly  is n o t th e  answ er to  o u r  problem  - 
we can look  fo rw ard  to  an o th er and  y e t ano th er 
from  som e q u a rte r  u n til Congress passes a bill to  
resolve th e  en tire  issue.
The Alaska business com m unity  has n o t been 
idle in th is area. Last year th e  A laska State 
C ham ber o f C om m erce adop ted  a position  on  the  
Native Land Claim s issue w hich we feel n o t only  
recognizes the  m oral ob ligation  o f  the U nited  
S tates to  the  natives b u t also w ou ld  do  m uch to  
con tinue  the  m u tu a l respect and  co o p e ra tio n  o f 
b o th  th e  native and non-native e lem en ts o f  our 
society. We have urged equ itab le  m o n e ta ry  com ­
pensation  by th e  Federal G overnm ent as final 
se ttlem en t fo r any  lands taken  w ith  th e  natives to  
have a strong  voice in the  m anagem ent o f  such 
funds. T h erea fte r th e  Senate passed a bill th is  year 
providing for $ 5 0 0  m illion (an  a m o u n t equal to  
th a t  sanctioned  by  th e  Bureau o f  th e  Budget last 
year) payable over a tw elve-year period , p lus up to  
an o th er $500 m illion from  a 2% override on  
Federal land revenues from  Alaska. This m oney 
w ould go in to  tw o  special c o rp o ra te  en tities, one 
fo r providing u tilities , services a n d  o th e r  infra­
s tru c tu re  to  native se ttlem ents, and  the  o th e r  to  
ac t as an  incom e-producing  investm en t fund.
The in ten t is to  use the se ttlem en t proceeds to  
m ake th e  natives self-sufficient over a tw enty-five 
year period  so th a t  cessation o f  p resen t BIA 
welfare will n o t  create  personal d isaster fo r th e  
native po p u la tio n . In  add ition , th e re  w ould  be 
granted ab o u t 12 m illion acres fo r village sites in 
fee title  w ith  all m ineral rights. O ther provisions 
have to  do  w ith  p ro tec tio n  o f  tra d itio n a l hun ting  
and fishing righ ts, and  effectively  am ending p ro ­
visions o f  th e  M inerals Leasing A ct to  require 
abou t th e  sam e ru les on m ineral leasing as are 
presently  observed by  the  S ta te  o f Alaska in 
leasing sta te  lands.
T he S ta te  C ham ber’s position  is at odds w ith  
th e  Senate b ill in  tw o  im p o rtan t areas: first, as to
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th e  overrid ing  ro y a lty  fo r a special segm ent o f 
A laska’s popu la tion ; and  second , in  the  g ran ting  of 
m ineral rights in  areas w hich  will never be su itab le  
o r u tilized  fo r a c tu a l to w n site s  or residen tia l 
purposes. C onveyance  of title  to  all lands in 
p resen t use and  o c c u p an c y  to g e th e r w ith  such  
ad d itio n a l co n tig u o u s lands fo r village expansion  
as m ay be reasonab le  is, how ever, eq u itab le  in  ou r 
view.
L e t me em phasize  our feeling th a t  non-natives 
are A laskans to o , a n d  indeed  th a t  w hatever eco­
nom ic developm ent th a t has occurred  in  Alaska 
has been  a d irect re su lt o f  great e ffo rts  by  the  
non-native people. P lease d o  n o t hastily  conclude , 
how ever, th a t the S ta te  o f  A laska and its  people 
have n o  regard for th e  righ ts o f th e  natives. We do 
see nevertheless a p o te n tia lly  divisive e ffec t by  the  
segregation th a t  can  resu lt fro m  th is Federal 
legislation. In  any event, the  o u tco m e  o f  the  
Native Land Claim s issue will have a p ro fo u n d  
effect on th e  developm en t o f  Alaska. M eanw hile, 
one can  only guess w h a t ac tio n , i f  any, th e  H ouse 
will ta k e  in its  fo rth c o m in g  lam e-duck  session - 
m ost people believe th e  e ffo rt w ill die and  we will 
have to  start all over again.
Even so, A laskans are m oving fo rw ard  w ith  
the  sam e so rt o f  constructive  op tim ism  th a t 
b ro u g h t them  to  A laska in  th e  f irs t place. T here  is 
no  question  th a t th e  $900 m illion  lease sale has 
a lready  done m uch fo r  us. I t  m ight in te res t y o u  to  
know  th a t  w ell b e fo re  the  sale to o k  place A laskans 
recognized th e  p o ten tia l p rob lem s as w ell as the  
advantages o f  affluence.
In  early sum m er o f 1969 th e  A laska S ta te  
C ham ber o f C om m erce called special m eetings of 
responsible and  know ledgeab le  c itizens and  th ey  
fo rm u la ted  p ro p o sed  policies in co n n e c tio n  w ith  
the  fo rth co m in g  sale. F irst, we reco m m en d ed  th a t 
the  m oney  be invested  p osthaste  in  incom e- 
p roducing  assets. T h e  S tate  G overnm ent was ready  
on th e  sale day w ith  a c h a rte re d  je t to  get th e  
m oney  to  m arke t, and w ith  th e  help  o f wise 
counsel has estab lished  th e  best ra te  o f  re tu rn  on 
its investm en ts  o f a n y  s ta te  in th e  na tio n . Second, 
we felt th a t a g rea t deal o f p lann ing  shou ld  be 
done before  rush ing  ou t to  spend  this m o n ey  in 
spite o f  the  c e n tu ry  of in ad e q u a te  a tte n tio n  th a t 
A laska’s d eve lopm en t has experienced . T h ird , we 
urged th a t p rio rity  b e  given to  th e  im provem en t o f 
our ed ucationa l an d  tra n sp o rta tio n  facilities, b o th  
considered to  b e  e x p en d itu re s  o f a non- 
in fla tionary  na tu re . F o u r th , we p o in ted  o u t th a t 
m oney  spent to  m ain ta in  o u r  renew able  resources 
such as fish and tim b e r  w ould  b e  o f  m o re  lasting 
b en efit th an  to  m erely  prov ide social w elfare 
program s. I t is p leasan t to  be  able to  te ll y o u  m ore 
th an  a year la te r  th a t ,  a lth o u g h  it was som etim es a 
to u g h  fight, th e  L egislature did n o t  pass a runaw ay
spending  program  th is spring, and  th a t th e  G over­
n o r has show n his ded ica tion  to  carefu l planning 
and a sound investm en t policy .
But governm en t can only  spend th e  m oney 
th a t is derived fro m  the  labors o f  its p eop le , and in 
A laska th a t m oney  is going to  have to  com e 
principally  from  the  e x tra c tio n  o f its  na tu ra l 
resources, b o th  renew ab le  and non-renew able. The 
renew able  ones, fish and  w ood  p ro d u c ts , are 
a lready  w ell-established and have p rov ided  the 
great bulk  o f A laska’s to ta l incom e u n til  recen t 
adven t o f  the  oil in d u stry . T ourism  prom ises to  
gain substan tia lly  also, b u t it is n o t m y pu rpose  to  
review  th a t im p o rta n t source  o f  revenue here.
Y ou have heard  in  these sessions o f the 
m ineral p o ten tia l, b o th  p e tro leu m  and hard-rock , 
and  o f the  physical p roblem s to  be e n co u n te red  in 
th e ir  ex trac tio n . B ut a lth o u g h  the oil in d u stry ’s 
course  is clear, w h a t a b o u t o th e r  m inerals? Who 
will develop th e m ? A laska’s businessm en , a new 
b reed  and new ly arrived in  A laska a fte r  W orld War 
II, searched and believe th ey  have fo und  the  
logical answer. Jap an . W hat m ore  n a tu ra l m arket 
th a n  Japan , w h ich  is closer to  Alaska th an  the 
U n ited  S tates in m any  w ays, and  w hose full-speed 
econom ic  g row th  has left h e r  hung ry  for raw 
m aterials.
Ironically , on  M arch 27, 1964, w hen the
A laska ea rth q u ak e  struck , now -S ecre ta ry  o f  the 
In te r io r  W alter J. H ickel was in  T okyo  leading  a U. 
S. D epartm en t o f  C om m erce-sanctioned  trad e  mis- 
son o f th e  A laska S ta te  C ham ber o f C om m erce. 
A lthough  th a t m ission was ab o rted  w h ile  Alaska 
tr ie d  to  p u t itse lf  back together, H ickel, now 
G overnor, led a n o th e r  tra d e  m ission to  Japan  in 
S ep tem b er o f 1967. D uring m any  m eetings w ith  
to p  com panies th e  G overnor assured th e  Japanese 
th a t  A laska w elcom ed th e ir  investm en t in Alaska 
and  th a t we especially w an ted  th em  to  lo o k  to  our 
as-yet-undeveloped  m ineral resources. Again in 
N ovem ber o f  last year, G overnor K e ith  M iller on 
a n o th e r  A.S.C.C. trade  m ission inv ited  the  big 
Japanese  trad ing  com panies to  open  offices in 
A laska. As a resu lt, th e re  are  now b ran ch es in 
A nchorage o f M itsui, M itsubishi, N issho  Iwai, 
M arubeni-Iida, a n d  C. I to h , and  all are com m enc­
ing th e  search fo r o p p o rtu n itie s  to  invest in 
A laska’s m ineral w ealth . This should  com e as no 
sh o ck  to  A m ericans; very  little  has b e e n  done  by 
U. S. com panies to  exp lo re  A laska, p robab ly  
because  th ere  was no shortage  o f  the raw  m aterials 
to  spark  such  ac tiv ity .
T oday , one o f  our tw o  p u lp  mils is Japanese- 
o w n ed ; A laskco USA, L td . is exp lo ring  fo r oil; 
T a iy o  Fisheries is jo in t-v en tu rin g  in th e  K odiak 
area ; Iw akura-G um i is logging p reviously  unused 
tim b e r  on  the  K enai Pen insu la; a n d  Japanese 
m ining  people have helped  re-open  th e  m ercury
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m ine a t Red Deveil in the  K uskokw im  area. We 
pred ict th is is on ly  th e  beginning, and frankly 
A laska’s businessm en are  happy  a b o u t th e  whole 
th ing, perhaps in  large m easure because we opera te  
prim arily service and tran sp o rta tio n  industries, and 
th e  fluc tuations o f  unpred ic tab le  governm ent and 
defense spending may soon be a less traum atic  
fac to r in ou r everyday business lives.
This does n o t m ean th a t w e d o n ’t welcom e U. 
S. com panies to  com e get in on  the  ground  floor. 
N o one likes th e  idea o f  one force becom ing so 
pow erful in any  s itua tion  th a t  it can ’t be  con­
tro lled . A nd th e re  are ho p efu l signs: A laska Barite 
Co. has developed a deposit o n  Castle Island near 
Petersburg in  so u th easte rn  A laska, an d  has shipped 
abou t. 150,000 tons o f high-grade o re  in the  past 
six teen m onths. B oth El Paso N atu ra l Gas and 
Am erican Sm elting and  R efining have had ex­
p lo ration  crew s in the  field th is  year. One o f th e  
m ost exciting aspects has been  the  o ffshore  p ro ­
specting by  In le t Oil C orpo ra tion  in  concert w ith  
A pco Oil. In le t is using highly soph isticated  
electronic gear on  a specially  converted  ship to  
m ap the  o ffshore  b o tto m s w ith  a view tow ard  
finding sed im entary  deposits  in th e  m ouths o f 
rivers and stream s. And a lthough  K en n eco tt had to  
suspend opera tio n s  because o f  underg round  w ater, 
th ey  have sp en t upw ards o f  $10 m illion on th e  
K obuk copper prospect. A ll in all, there  are 
exciting days ahead for Alaska in  its m ineral 
developm ent.
Now w hat do y o u  suppose w e view as o u r 
m ost serious p rob lem ? N ot severe clim atic  condi­
tions or rugged, inaccessible terrain . N ot seasonal 
unem ploym en t o r substandard  housing  or a 
lim ited road  system . Those we can fight and lick - 
we understand  those problem s. T he  great obstacle 
is th a t grow ing and vocal m ovem ent in  th e  low er 
48 th a t w ou ld  lock up A laska; th a t believes 
because th ey  spoiled the ir ow n areas th a t A laskans 
will do no  b e tte r . T hey file in junctions and m ake 
im passioned speeches th a t prove th ey  n o t only  
have never been  there , b u t th a t  th e y  have not m et 
Alaska’s peop le , m uch less th e ir business and 
political leaders. While th e y  speak as conserva­
tionists, th ey  act as preservationists, and Alaska 
cannot ex ist if it rem ains in an econom ic deep ­
freeze.
Secretary  H ickel expressed the view of 
Alaskans w hen  he said sim ply th a t  the  k ey n o te  o f 
developm ent m ust be  “ wise use w ith o u t abuse” . 
G overnor K eith  Miller said recen tly  in a s ta tem en t 
o f econom ic and  ecological purpose: “ . . . we m ust 
build  A laska’s econom y to  assure its citizens th a t 
they  can en joy  th e  sam e standard  o f living th a t 
o ther A m ericans enjoy.W e believe th is can be done
w ith o u t ru ining A laska’s priceless na tu ra l heritage. 
How? We have learned  from  m istakes m ade b o th  
in A laska and in o th e r  areas o f  th e  nation . We will 
con tinue  to  learn and  m ake in te lligen t use o f 
to d ay ’s technology fo r  a b e tte r  w orld tom orrow . 
In th e  past, we m ight have sim ply  drilled , m ined 
and cu t, le tting  the  devil take  th e  h indm ost. This is 
no longer accep tab le  and we are  determ ined  th a t  
Alaska will never see th a t k ind  of econom ic 
p lunder.”
G ood exam ples of th is a ttitu d e  are  readily 
found  on th e  N o rth  Slope w here th e  oil com panies 
are doing a m odel jo b  o f developm ent and  taking 
great pains to  p ro te c t the  env ironm ent, inciden ta l­
ly, a big change fro m  the  mess m ade b y  the U.S. 
G overnm ent in its exp lo ra tions in  Naval Petro leum  
Reserve Four. U. S. P lyw ood-C ham pion  Paper 
h ired five leading scientists fro m  five d ifferen t 
universities to  s tu d y  its p roposed  pulp mill near 
Juneau  and devise a plan to  p ro tec t the  area 
involved. Many peop le  don ’t realize th a t  m odern 
foresters are as necessary to  conservation  o f  our 
tim ber resources as a scien tific  farm er is to  
harvesting good crops o f grain. Y ou  know , th ere  is 
no such  th ing as a virgin fo re s t; they  are all old 
m aids w hich ju st ge t older, n o t be tte r. I w ish you  
could  fly over som e o f our fo rests  and see th e  old 
trees dying and falling, killing new g row th , and 
creating n ightm ares o f tangled u nderb rush , n o t the 
beau tifu l forests prem eval ab o u t w hich the  poets 
w rite.
My heartfe lt plea to  y o u  is to  give us the 
b enefit o f  the  d o u b t in o u r e ffo rts  to  b u ild  a great 
Alaska. A Seattle  m an, Lewis H. Johnson , Presi­
d en t o f th e  PAC Barge C om panies, recen tly  said it 
m uch  b e tte r  th an  I have ever h ea rd  it expressed:
“ To d en y  these p ioneers th e  right to  
im prove th e ir  lo t because of o u r  newly- 
found fastid iousness abou t o u r p lanet 
E arth  appears to  sh ift to  th em  our guilt 
for w hat we have d o n e  in the  L ow er 48. 
Who can n o t sym path ize  w ith  th e ir  be­
w ilderm ent over w h a t seems to  be unin­
vited in terference  w ith  th e ir e ffo rts  to  
con tro l th e ir  destiny. The tim e  has come 
to  give A laskans an  ex p e c ta tio n  th a t they  
will p ro fit from  o u r  m isdeeds in  the 
Low er 48  and sham e us for o u r  w ant of 
faith  in  their collective w isdom  and  in­
ten t.”
T h a t so rt o f a tt i tu d e  w ould b e  consisten t w ith  one 
o f  th e  basic ru les o f good m an ag em en t: to  give us 
th e  au th o rity  to  develop, p roperly  m atch ed  w ith 
th e  responsib ility  to  p ro te c t our G reat Land, 
Alaska.
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The Future of Anchorage
Claire O. Banks 
Executive Vice P resident 
G reater A nchorage C ham ber o f C om m erce 
A nchorage, Alaska
The fu tu re  o f A nchorage, as a part of th is  
sym posium , is som ew hat foreign to  ou r general 
them e and title ; how ever, as a typ ica l cham ber o f 
com m erce executive, anx ious to  discuss th e  assets 
of m y hom e tow n, I w ould  subm it here th a t th is  
city is a vital key to  the  to p  o f the w orld.
A nchorage is the  largest trade-cen ter in th e  
no rthernm ost part o f  N o rth  Am erica — equal in 
la titude  to  Oslo, N orw ay, and Leningrad, Russia. 
And, while its geographic location  plays an im por­
tan t role, clim ate qualifies equally . W armed by th e  
continual flow  of th e  Japanese C urren t, tem pera­
tures are identical to  th e  N orthern  states o f 
Michigan, th e  D akotas and  W isconsin (F igure 1). 
Our coldest clim ate averages 13 degrees above zero 
... o f te n  tim es, m uch w arm er th an  the w eather in 
Chicago, New Y ork, and G reat Falls, M ontana, O ur 
relatively m odera te  w in ter clim ate is ideal fo r 
o u td o o r recreation , and it affords o u r  people a 
wide selection  of o u td o o r  w in ter sports.
Our m ost ou tstan d in g  local area celebraton  is 
staged during  w in ter — in F ebruary . T o  Alaskans it 
is com parable  to  the  M ardi Gras in New Orleans. It 
is titled , “ The F u r R endezvous”  and features 
w orld cham pionship  dogsled racing, Eskim o blan­
ket toss, fur auctions, and a m yriad  o f o u td o o r 
contests, all w rapped-up  in a “ K londike - 1898” 
atm osphere.
To discuss th e  fu tu re  o f  A nchorage, it is 
necessary to  know  a b it ab o u t Alaska. F o r 
instance, it is im p o rta n t to  know  th a t now here 
under th e  A m erican flag is th ere  a region so vast 
and so sparsely populated . T he S ta te  o f Alaska is 
o n e /fifth  the  size o f th e  U nited  S tates. It is tw ice 
th e  size o f the  S ta te  o f Texas. It is fou r tim es 
larger th a n  th e  S tate o f California. Alaska has four 
m ajor tim e zones — five separate clim atic  regions 
— a coastline longer th an  th a t o f th e  U nited  States. 
The en tire  p opu la tion  o f th is huge area is only  tw o  
hundred  and n in e ty -fo u r  thousand  persons! The
Figure 1. Aerial P hotograph  o f the  C ity of A nchorage
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p o in t I w ant to  em phasize here is th e  f a c t  th a t 
A nchorage, w hich  is A laska’s largest c ity , has a 
m etro p o litan  p o p u la tio n  figure o f  one h u n d red  
a n d  tw e n ty - fo u r  thousand  inhabitants, o r, m ore 
th a n  fo rty  per cent o f  th e  S ta te ’s to ta l  census 
figures. I t  is A laska’s social, financial, t ra d e  and 
d is tr ib u tio n  cen ter. A nchorage  is w here th e  ac tio n  
is! This is the  city  th a t  na tiona l m agazine w riters 
have term ed  “ The c ity  tha t c a n ’t w a it fo r  to m o r­
r o w ” — “The Chicago o f  th e  N o r th ” — o r  o u r 
favorite  ad o p ted  title , “The air crossroads o f  the  
world. ”
If asked to  classify  fo u r m ajor e lm en ts  th a t 
qua lify  th is c ity  to  have  a b rillian t fu tu re . I w ould  
list th em  as follows:
1) A highly developed  tra n sp o rta tio n  com ­
plex;
2) A w ide range o f  trades & services;
3) A solid  basic econom ic co re  o f govern­
m ent agencies & governm en t re la ted  ac­
tivities; and,
4) The a ttitu d e  o f  the  people.
All four e lem en ts re la te  to  som e degree to  ou r 
stra teg ic  location  in th e  n o rth e rn m o st p a rt  o f  the  
N o rth  A m erican c o n tin e n t. A nchorage en joys an 
unusual “ hub” p o s itio n  w ith  respect to  o u r  region; 
and  in  in te rnationa l trad e  and  com m erce . The 
services and facilities available here are n o t o ffe red  
w ith in  thousands o f m iles. We have, in a sense, a 
captive m arket. It m ay  consist o f m ore  m oose  th an  
peop le , bu t never-the-less, business volum es are 
incred ib le . A nchorage is alive w ith  co m p e titio n  
and  is defin ite ly  no place fo r  th e  m eek a n d  mild 
o p e ra to r.
A viation is one o f  ou r p rim e eco n o m ic  fac to rs  
in  tran sp o rta tio n . O ver one th o u san d  in te rc o n ­
tin e n ta l jets  land  at o u r  a irp o rts  each  w eek. We 
have d irec t airline service to  n o t o n ly  the  largest, 
b u t  to  th e  m ajor c ities  of th e  w orld . Ten foreign 
air-carriers, p lus several A m erican  in te rn a tio n a l 
airlines utilize o u r  a irp o r t  as a re-fueling term ina l, 
a stop-over o r passenger te rm ina l in  th e ir  certifi­
ca ted  rou tes over th e  n o r th  pole fro m  E u ro p e  to  
Asia — from  th e  E as te rn  seaboard  to  the  O rien t— 
from  S ou th  A m erica to  the  O rien t, and fro m  th e  
West coast to  T o k y o , such as Los Angeles an d  San 
F rancisco  in to  Japan . We have d irec t service in to  
Haw aii, New Y ork , L o n d o n , Paris, A m sterdam  — 
even in to  Siberia and  Russia du ring  ou r sum m er 
charter-fligh t season. A nchorage is th e  c e n te r  fo r 
th e  b u sh  and business type  a irc ra ft th a t fan  o u t 
in to  th e  far reaches o f  the  in te rio r. In  fac t, we are 
te rm ed  “ The F ly ingest C ity in  the  F ly in g est S ta te ” 
b y  th e  Federal A v ia tion  A d m in is tra tio n . Every 
th ir tie th  person has a private p ilo t’s license — 
every n inety -six th  p e rso n  ow ns his ow n  aircraft.
A no ther im p o r ta n t  tra n sp o rta tio n  fac ility  in 
o u r c ity  is th e  federa lly  ow ned  A laska R ailroad .
W ith its 470  miles o f tra c k , a m ajor service is 
perfo rm ed  in  supply ing  fre igh t to  over h a lf  o f th e  
residen ts o f  Alaska. H ead q u arte red  in A nchorage, 
the  A laska R ailroad co n n ec ts  th e  city  o f  F a irbanks 
w ith  th e  salt-w ater po rts  o f  A nchorage, Seward 
and W hittier. Jo in t m arine/ra il/barge  o p e ra tio n s  
acco u n t fo r considerable* to n n ag e  read ily  w are­
housed  and d istrib u ted  from  the A nchorage 
m arket-p lace. The A laska R ailroad  also  handles 
passen ter traffic .
O f equal im portance  is o u r  tw en ty -five  m illion 
dollar po rt facility . W ith a highly developed  
coast-w ise traffic , it also serves as a po rt o f  call fo r 
ships from  the  S o u th  ’4 8  Japan . I ts  m odern  
eq u ip m en t and  highly skilled  w orkm en  p rov ide  th e  
rail-belt and  air cargo term ina ls  w ith  y e a r  ’ro u n d  
tonnage  and a com petitive  ra te -s tru c tu re  w ith  th a t  
o f th e  ra ilroad /m arine  o p e ra tio n s  m en tio n ed  
earlier (F igure  2).
Over tw en ty  m ajor tru ck in g  firms (n a tio n a lly  
kn o w n ) are based in  A nchorage. While w e  do  n o t 
have sufficien t highw ays to  serve th e  various 
com m unities  in Alaska, w e are linked w ith  F a ir­
banks, the  K enai Peninusla and  th e  fam ed  A laska 
H ighw ay. The highw ays in  A laska are  surfaced  
w ith  b lack -top  o r asphalt, a n d  are  well m ain ta ined  
and op en  in all seasons.
U ntil recen tly , our eco n o m y  was one o f 
governm en t spending. W ith  alm ost every  co n ­
ceivable federal agency, s ta te  agency and th e  
h ead q u arte rs  fo r o u r  b o ro u g h  and  city governm en t 
em ployees, governm ent p ay ro ll and governm en t 
jobs w ere in m ajor part o u r  econom y. A lthough  
governm ent still is a sizeable p a rt, the eco n o m y  is 
sh ifting  in to  a health ier p riva te  en te rp rise  sector. 
T oday , w ith  the  advent o f  pe tro leum , a grow ing 
to u rism  and  conven tion  in d u stry , we es tim a te  o u r 
p rivate  en terprise  ra tio  to  over-balance the  ha lf­
way m ark . T o illustra te  th e  m agnitude o f  govern­
m en t spending  in o n e  agency, solely, th e  m ilitary  
p ro cu rem en t and payro ll figure, annually , am oun ts 
to  m o re  th a n  100 m illion dollars. We have over 30 
th o u san d  m ilitary  and  d e p e n d en ts  in o u r  com ­
m u n ity . Tw o o f A m erica’s largest m ilita ry  bases 
are s ta tio n e d  ad jacen t to  A nchorage — th e  U. S. 
A rm y Post, F o rt R ichardson  — and th e  U. S. A ir 
F o rce  Base, E lm endorf. H eadquarte red  w ith in  th is  
fram ew ork  is the A laskan C om m and and th e  
su b o rd in a te  Air, A rm y a n d  Naval S e a /F ro n tie r  
C om m ands.
O w ing to  tim e, it is im possib le  to  cover the  
en tire  m arket, how ever, I ’ll highlight a few th a t  
m ust b e  m en tioned :
C om m un ica tions rep resen t a sizeable industry . 
The Dew Line and W hite A lice A lerting  System s, 
as w ell as th e  long-lines and  rad io  short-w ave links 
w ith  th e  rest o f th e  w orld are located  here. Over 
100 m illion  dollars in  com m unications, a lone , is to
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Figure 2. P o rt o f  A ncho rage
be  invested  in  A nchorage  u n d e r  th e  p riva te  se c to r  
take-over fro m  m ilita ry -m a in ta in ed  te le p h o n e  
links.
A g ricu ltu re :  W hile a m a jo rity  o f  o u r  item s are  
im p o rte d , th e  rich an d  fe r tile  M a tan u sk a  V alley  
provides A nchorage  w ith  a n  u n u su a l a rray  o f fre sh  
m a m m o th  sized  food  s tu ffs  .... fre sh  p roduce .
P etro leum :  The first d iscovery  o f oil and  gas 
was m ade n ea r A nchorage  in  19 5 7 , on  th e  K enai 
P en insu la . T h a t area, a lo n e , is n o w  p ro d u c in g  2 2 0  
th o u sa n d  b a rre ls  o f o il per day . O ver tw e n ty  m ajo r 
oil co m p an ies  are h e a d q u a r te re d  in o u r  c ity . 
Several new  high  rise o ffice  bu ild ings now  d e c o ra te  
o u r  sky line  ... ow ned  by  co m p an ies  w h o  are h e re  
to  s tay .
T ourism  and  C o n ven tio n s:  Did y o u  k n o w , 
A laska has b een  v o ted  in  several n a tio n a l trav e l 
polls, am o n g  th e  to p  te n  as an id ea l v aca tio n  a rea?  
A lso co n v en tio n in g  is idea l here  ow ing  to  ex ce llen t 
h o te ls  an d  re s tau ran ts . T hree  new  h o te ls  are 
p resen tly  ready ing  fo r  th e  com ing  year. T he  R o y a l 
Inns  o f A m erica  — T h e  G ra n d  P laza to w e r  ad jacen t 
to  o u r  large A nchorage-W estw ard  H o te l C om plex
— and , H o liday  In n  in c o n s tru c tin g  2 5 0  u n its , w ith  
an  a d d itio n a l 100  room s to  b e  add ed  th e  fo llow ing  
year. T h is m o n th , five c o n v e n tio n s  a re  being  held 
in  o u r c o m m u n ity , b ringing  in  an  e s tim a te d  $800 
th o u sa n d  do llars. This figu re  ex ludes tra n sp o rta ­
t io n  costs , in c id en ta lly .
M edical F acilities: F ive h o sp ita ls  grace our 
area , a ffo rd in g  u s  th e  m ost m o d e rn  e q u ip m e n t and 
tech n ic ian s . A C o b a lt C e n te r, a c o m p le te  m edical 
lib ra ry  and  a ro s te r  o f ev e ry  m ed ical specia lty  
p rac tic e d  by  h igh ly  sk illed  physic ians — our 
h o sp ita ls  now  b o a s t o f  c o m p le te  co ro n a ry -ca re  
u n its  th ro u g h o u t.
Financia l H eadquarters:  A n ch o rag e  is th e  Wall 
S tre e t o f  A laska. Five se p a ra te  co m m erc ia l ban k ­
ing  in s titu tio n s , w ith  a m y ria d  o f b ran ch -b an k s  
th ro u g h o u t th e  area and A lask a , are n o w  flan k ed  
w ith  tw o  savings banks. S to c k  b ro k erag e  firm s 
w ith  c o n s ta n t c o m m u n ic a tio n s  in to  th e  n a tio n a l 
exchange b ro a d c a s t the  o p e n  and close pricings, 
daily .
E d u ca tio n a l Facilities: R a te d  as fo u r th  in  th e  
n a tio n , th e  A ncho rage  sc h o o l sy stem  now  has an
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assessed valuation  exceed ing  one b illion  do llars in  
e lem en ta ry  an d  secondary  schoo ls, a lone. A dd to  
th is  o u r  A laska M ethodist U n iversity  and o u r  b ran d  
new  C o m m u n ity  Ju n io r  College, a  b ra n c h  o f  th e  
U niversity  o f  A laska, and  we fin d  ourselves w ith  
a n o th e r  sizable in d u stry .
Fishing: While sp o rt fishing an d  h u n tin g  are  
exc iting  fea tu res  o f  A laska and over 22  m illion  
dollars o f  revenue is derived  th e re fro m , it is 
im p o rta n t th a t  w e m e n tio n  com m erc ia l fishing. 
O ur neighbo ring  co m m u n itie s  lo ca ted  o n  th e  sea 
en joy  ca tches o f th e  very finest k ing c rab , large 
sh rim p , h a lib u t and  sa lm on . O ur fisherm en  w ork  
the  second  largest co asta l shelf in th e  w orld . 
B o tto m  fish are  a b u n d a n t in  these w aters.
L ike all m o d ern  A m erican  cities, we have 
park ing  m eters , co lo r telev ision , d a ily  new spapers, 
sw im m ing pools, and  beaches, th e a te rs , ten n is  
cou rts , num erous pa rk s  a n d  gardens — we have 
over 3 0 0  clubs and o rg an iza tio n s  — a C o m m u n ity  
C horus and  O rchestra  — w e even  have daylight 
saving tim e  in  our lan d  o f  th e  m idn igh t sun!
N ow  — I w ant to  show  e x ac tly  w h a t ou r c ity  
fa the rs  and  p lann ing  ex p e rts  have p ro jec ted  fo r us 
in th e  w ay o f  g ro w th  in th e  n e x t ten  a n d  tw e n ty  
years:
PO PU LA TIO N :
H O U SIN G :
SCHOOLS:
TEL EPH O N ES:
EM PLO Y M EN T:
A IR  C A R G O :
U p 228%
U p 248%  from  3 ,0 0 0  to  a lm ost
5 .0 0 0  u n its  per year fo r  n in e teen  
years!
U p  275% ; over 2 ,0 1 0  classroom s 
m u st be  bu ilt to  ac co m o d a te  
4  3 ,0 0 0  pupils in th e  first 
th ro u g h  tw e lf th  grades!
U p  495%
U p 195%  or an  increase  o f
4 0 .0 0 0  new  jo b s  to  be  c rea ted  
b y  1989 - ju s t  a b o u t doub ling  
o u r  p re se n t lab o r force!
U p  1160%  an d  Air Passengers 
U p 654%
F ran k ly , we believe ou r p ro je c tio n s  to  be 
u ltraconservative ... th ey  w ere m ade p r io r  to  th e  
p e tro leu m  in d u s try ’s in te res t ev idenced  in  th e  
S ep tem ber ‘69 o il lease sale. Y o u ’ll recall, th e  
in te res t was su b s tan tia l — it  a m o u n ted  to  over nine  
h u n d red  m illion  dollars in  p ro fit to  th e  S ta te  o f 
A laska! A n d , o f e x tre m e  im p o rtan ce  in  o u r p ro ­
jec tio n s  in  th e  fu tu re  w ill be th e  p o te n tia l o f, at
least, e ight a d d itio n a l o il p rov inces th a t  have been  
v irtua lly  u n e x p lo red  and u n ta p p e d .
A t th is  m o m e n t, o n  th e  N o rth  S lope , a lone , 
th e  p e tro leu m  in d u stry  is co n cern ed  a b o u t th e  
packaging  and  p ro d u c tio n  o f  an  es tim a ted  tw e n ty  
trillio n  cubic  fee t o f gas w h ich  is a lready  in 
dem and  b y  th e  U . S. co n su m er. C ook  In le t gas, 
fro m  nearby  w ells, has a lread y  fo u n d  its  w ay  to  
A nchorage consum ers.
O n th e  c o n c ep t o f s tra teg ic  lo ca tio n  — p lus — 
th is  vast m ineral w ea lth  th a t  now  loom s in  our 
A rctic  treasu re  chest — o u r re la tive ly  new  city  
w h ich  is on ly  f if ty  years y o u n g , N ovem ber, 1970, 
have begun  to  b u rs t f o r th  as a d ynam ic  c ity  of 
to m o rro w .
In  th e  past fo u r  m o n th s , w e have inaugu ra ted  
a new  14 m illion  do lla r a irp o rt — a 4 m illion  dollar 
d e p a rtm e n t s to re  — th e  c o m p le tio n  o f  A laska’s 
largest shopp ing  m all com p lex . We’ve seen  the  
co m p le tio n  o f tw o  h igh rise p e tro leu m  head­
q u a rte r  bu ild ings — th e  th re e  new  h o te ls  a lready  
m en tio n ed  — th e  an n o u n c em e n t o f  o n e  h u n d red  
m illion dollars being invested  in  th e  RCA- 
C o m m u n ica tio n s  take-over o f  th e  long-lines com ­
m u n ica tio n  system  — th e  a n n o u n c em e n t o f  a 
b ran d  new  28 s to ry  bu ild ing  in  d o w n to w n  A ncho r­
age ... and  ... fina lly , th e  a n n o u n c em e n t to  build  
th e  w orld ’s first to ta l en v iro n m en ta lly  con tro lled  
c ity  to  be  b u ilt ad jacen t to  th e  A nchorage  area  by 
th e  T andy  C o rp o ra tio n  o f  O klahom a. I t is titled  
“ Sew ard’s Success” an d  w ill a cco m m o d a te  50 
th o u sa n d  peop le  in  th e  n e x t tw e n ty  years. I t  will 
b e  com ple te ly  vo id  o f  m o to r  vehicles. I ts  peop le  
w ill m ove on  e lec tric  sh u ttle  carts  a n d  conveyor 
belts. I t  will b e  a p ro to ty p e , tw e n ty -f irs t c en tu ry  
c ity  ... an d  a p a rt  o f  A ncho rage’s fringe area.
So, in  conclusion  ... o u r  A ir C rossroads o f  the  
W orld co n tem p la tes  its fu tu re , f ro m  a sim ilar 
p o sitio n  as th a t  o f  th e  an c ie n t G reeks, o r la te r  the  
c ity  o f R om e... and  m uch  la te r  ... E ng land  — the  
tra d e  ce n te r o f  its  tim e, b e tw e en  East and  W est — 
N o rth  an d  S o u th . In  any  even t, w e are in  the  
enviable p o sitio n  o f be ing  ab le  to  d e te rm in e  our 
fu tu re . A side fro m  th e  tre m en d o u s  g ro w th  and 
bu ild -up  fac to rs , we are  u n iq u e  b ecause  o f  our 
u rb an ity  ... now here  else are th e  advan tages o f 
m o d ern  day  living o ffe red  to  th e  e x te n t th e y  exist 
here , w hile a t th e  sam e tim e  o ffe ring  th e  d istin c t 
closeness to  th e  great o u td o o rs , fo r w h ich  w e are 
n o ted . W ith all these  assets, A ncho rage  is indeed  
o n  the  th re sh o ld  o f  th e  g rea tes t period  o f develop­
m en t in  its  h isto ry .
Claire O. Banks
Mr. Banks is the Executive Vice-President of the Greater Anchorage Chamber of Commerce. He has lived in Alaska 
for the past seventeen years and during this time been very involved in community affairs. He has served as President of
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the Greater Chamber o f Commerce, 1956-57; President of the Anchorage Rotary Club, 1958-59; Vice-President of 
North American Highway Association, 1962-67; Vice President of the Council of Western Retail Association, 1968-70, 
and as a member of the Governor’s Commission, Alaska State Centennial, 1965-67.
Mr. Banks attended Lower Columbia Junior College, 1937-38, was then in the U.S. Navy in radio communications, 
1942-43, then he attended the NBC Institute at Stanford and finally the Institutes for Organizational Management in 
Santa Clara, 1958-65.
He was born in Reubens, Idaho and lived various places before settling in Anchorage, Alaska. He is married and has 
three children all attending college. The family hobbies and interests center around outdoor recreation, boating, skiing, 
camping and sport fishing which are all especially popular in the Anchorage area.
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A cknow ledgm ent of Sym posium  M oderators
Sincere and  gratefu l ap p rec ia tio n  is ex ten d ed  to  each  o f th e  Sym posium  M odera to rs  w ho  served so 
ab ly  and add ed  so m uch  to  the  exchange o f th is  conference  and to  the  expertise  th e re to . We do, 
th ere fo re , w ish to  com plete  th is recogn ition  by th e  fo llow ing acknow ledgm ents o f th ese  gen tlem en  and 
th e  role th ey  w ill play in  shaping the  p resen t and fu tu re  o f  Alaska.
Max C. Brewer
Max C. Brewer, was born in Blackfalds, Alberta, Canada, May 7, 1924, of U.S. parents. He attended Washington 
State University, Reed College in Oregon and Washington University in Saint Louis and received his B.S. degree in 1950 
from Washington University.
He first came to Alaska to work for the US Geological Survey in the summer of 1948 and conducted electrical 
resistivity studies of permafrost in the Tanana Valley. Max began to work full time for the USGS, in 1950 as Leader of 
the Snow Ice & Permafrost Project on the Arctic Slope of Alaska. He married a PHS nurse at Barrow, Mary Lou 
(Cunningham) in 1954, and returned to do graduate work at the University of California, Berkeley while working for 
the USGS in Menlo Park, California. He became Director of the Laboratory in 1956, the position he has held to date. In 
1962 he received the U.S. Navy’s Distinguished Public Service award for his outstanding contributions to the Navy’s 
Research program. In 1965 he was awarded an honorary Doctorate of Science from the University of Alaska in 
recognition of his many contributions to Arctic Research. In February, 1970 he received the Sweeney Medal from the 
Explorer’s Club in New York on the occasion of “Alaska Day” as an outstanding citizen of the State. He serves on the 
Alaskan Command Civilian Advisory Board as well as consultant to scientific groups, government and industry 
concerning activities in Arctic Alaska.
The Brewer’s have five children the oldest of whom is 15 and the youngest 8. The family resided in Barrow until 
this fall when Mrs. Brewer and the children temporarily moved to Anchorage as the children had outgrown the classes 
offered in the Barrow school system.
C. V . Chatterton
Mr. Chatterton was born August 10, 1918, in Albany, New York. He graduated from Milne High School in Albany 
in 1935. He then attended Colorado School of Mines in Golden, Colorado, September, 1935, and graduated May, 1942, 
with a degree of Petroleum Engineer.
His school years 1935-42 were interrupted by periods of working for the Bureau of Reclamation, Phelps Dodge 
Corporation in Ajo, Arizona; Associate Metal Mines, Jamestown, Colorado; Stanolind Oil and Gas Company, Mid-West 
Wyoming; and other assignments.
Upon graduation in 1942, he moved to Glendale, California, and worked at Lockheed Aircraft Corporation for 2Vi 
years. He joined Standard Oil Company of California at La Habra, California, December 1, 1944 and worked there as a 
Petroleum Engineer in various assignments until November, 1952. He was then transferred to San Francisco acting in 
the capacity of Formation Evaluation Specialist until November of 1957. At that time, he transferred to Vernal, Utah, 
as District Superintendent for Producing Operations in Utah. In March, 1961, he transferred to Anchorage to the 
position now held as District Superintendent, Producing Department, Alaska.
In Anchorage, Mr. Chatterton became involved community activities leading to being President of the Petroleum 
Club of Anchorage, 1963-64; Director of the Greater Anchorage Chamber o f Commerce, 1963-67, and President, 
1968-69; President of the Rotary Club of Anchorage, 1967-68; Greater Anchorage Community Chest Campaign 
Chairman, 1966, and President of the Greater Anchorage Community Chest, 1967.
As District Superintendent in Alaska, he was held accountable for all drilling operations and the production of 
crude oil and natural gas. While working for Standard Oil Company, as Operator he was responsible for its own interest 
and that of others in the Swanson River Oil Field and the Beluga River Gas Field. He has operated Exploratory drilling 
operations as far south as Icy Bay and northerly to include the Prudhoe Bay area.
A . J. Horn
Mr. A. J. Horn was born in New Orleans, Louisiana, and raised in the oil fields of Southern California. He 
graduated from Stanford University in 1939, and went to work for Standard Oil Company o f California, Producing 
Department, in the San Joaquin Valley as a Petroleum Engineer-Chemist.
He entered the U.S. Navy in December, 1942, and graduated from the U.S. Naval Academy Post-Graduate School 
at Annapolis, Maryland, in 1944 as an Aerological Officer. Mr. Horn returned to Standard Oil Company of California in 
March, 1946.
He was elected to the Board of the San Joaquin Valley Chapter of the American Institute o f Mining, Metallurgical, 
and Petroleum Engineers in 1956, and served in various positions until elected Chairman in 1960. In 1961, he was 
General Chairman of the 32nd Regional Meeting of the Society of Petroleum Engineers of the AIME in Bakersfield.
Currently, he is Assistant General Manager of the Producing Department of the Standard Oil Company of 
California, Western Operations, Inc.; President of Lomita Gasoline Company; Chairman of the Producing Department 
Training Committee; and Chairman of the Company Negotiating Committee for the labor contract with the
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Independent Union of Petroleum Workers (SIUNA-AFL-CIO), covering six operating Departments o f Western 
Operations, Inc.
Mr. Horn is now a member (1971-74) of the Board of Directors of the American Institute of Mining, Metallurgical, 
and Petroleum Engineers. In 1971, he was appointed Chairman of the API Pacific Coast Production Area Advisory 
Committee.
He is married and has two daughters, and lives in Burlingame, California. He is a member of the Stanford Golf
Club.
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F. G. Larm anie
Mr. Larminie was born in Dublin, Ireland in 1930. He was educated at Trinity College, University of Dublin, and 
graduated in 1954 with degrees in geology and zoology. Mr. Larminie was Assistant Lecturer in Geology at the 
University of Glasgow, Scotland 1954-56. He was appointed Lecturer in Geology, University o f Sydney, Australia, 
1956, resigning in 1960, he joined the British Petroleum Company (BP), and since that date has worked as a Geologist 
for BP in the Sudan, Greece, Canada, California, Alaska, Kuwait, Persian Gulf, Libya and New York.
He is presently based in Alaska as Area Manager for BP Alaska Inc. Mr. Larminie is officer of the Most 
Excellent Order of the British Empire; Fellow of the Geological Society of London; Past President of the Alaska 
Geological Society; Member Palaeontological Association; Member American Association of Petroleum Geologists; 
Member American Association of Petroleum Landmen; Member, Yorkshire Geological Society.
H. A. N edom
Art Nedom received B.S. and M.S. degrees in petroleum engineering from the University of Tulsa and was 
employed by Amerada Petroleum Corporation in 1949. In following years, he was active in drilling and producing 
operations in all parts of the United States and this included a one year leave of absence with the Petroleum 
Administration for Defense, Department of the Interior, Washington, D. C. In 1961, he became Chief Engineer of 
Amerada and in 1965 was elected a Vice President, later directing United States exploration and production operations. 
In 1970 he left Amerada to organize Petroleum Management Worldwide and Southern Land Company, both Tulsa 
based operating organizations.
Active in professional and industry affairs, he was a Director of the society of Petroleum Engineers of AIME and 
national President in 1967-68; a Director and Vice President of AIME in 1968-69 and a member of the General 
Committee of the API Division o f Production. At present, Nedom serves on the Executive Committee of the Offshore 
Technology Conference and is President of Pi Epsilon Tau, the national petroleum engineering honor society. He is also 
a member of the petroleum engineering Industry Advisory Board to the University of Tulsa.
F. K. R ickw ood
Mr. Rickwood, an Australian by birth, spent four years with BP’s associate, the Australian Petroleum Company 
Pty. Limited, and five years as senior lecturer and sub-dean of the Faculty of Science at the University of Sydney 
before joining the Company in 1955. Through his work on geological surveys, he has come to be regarded as one of the 
chief authorities on the geology of Papua and New Guinea, and since joining the Company has spent a further 15 
months in Papua.
Mr. Rickwood has also served in British Somaliland, in the United Kingdom and in Latin America.
In 1960, Mr. Rickwood was appointed Chief Geologist and Vice-President of Sinclair and BP Explorations, Inc. 
(Colombia). Three years later he was transferred to BP (North America) Limited as Vice-President and in 1965 was 
appointed Regional Manager for the Western Hemisphere in Exploration Department London. In 1967 Mr. Rickwood 
was posted to Australia to take up the appointment of Manager, BP Petroleum Development Australia Pty. Ltd., where 
he remained until his posting to New York in 1969 as President of BP Alaska Inc.
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